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WARNING 
DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT 


Be careful when working on the 500- or 250- 
volt plate and power supply circuits, the — 100- 
volt bias supply circuits, and on either the 230- 
or the —115-volt ac circuits. 


DON’T TAKE CHANCES 


EXTREMELY DANGEROUS VOLTAGES 
EXIST IN THE FOLLOWING UNITS: 


Power Supply PP-1329/FRN-20 1,350-volt circuits 
Audio Frequency Amplifier AM-1246/FRN-20 1,350-volt circuits 
Electrical Equipment Cabinet CY-1899/FRN-22 1,350-volt circuits 
Electrical Equipment Cabinet CY-2274/FRN-22A 1,350-volt circuits 


RADIOACTIVE TUBES 


Before handling or disposing of defective Voltage Regulator tubes 
OA2WA and OA2WB, refer to TB SIG 225, Radioactive Electron Tube 
Handling. 
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Figure 1. Radio Transmitting Set AN/FRN-22A, typical site. 
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CHAPTER 1 
INSTALLATION 


Section |. SERVICE UPON RECEIPT OF EQUIPMENT 


1. Scope 


a. This manual covers installation and field and 
depot maintenance for Radio Transmitting Set 
AN/FRN-22A. It includes instructions appro- 
priate to third, fourth, and fifth echelons for 
troubleshooting, testing, and repairing specified 
maintenance parts. It also lists tools, materials, 
and test equipment for third, fourth, and fifth 
echelon maintenance. Detailed functions of the 
equipment are covered in the theory section. 


6. In chapter 2, which covers the theory, the 


component parts on the partial schematic dia- 
grams have reference designations that indicate 
in which major component a part appears. For 
example, a part designated “N/T1001” is located 
on the antenna pedestal. A list showing the refer- 
ence designations and the components appears in 
appendix I. 

c. The complete technical manual for this 
equipment includes one other publication; TM 
11-5825-205-12. 

d. Forward comments concerning this manual 
to Commanding Officer, U.S. Army Signal Pub- 
lications Agency, Fort Monmouth, N.J. 

Note. For applicable forms and records, see paragraph 
2, TM 11-5825-205-12. 

e. For the convenience of installation and 
maintenance personnel, a cross-reference list of 
common-name assignments is given in the follow- 
ing table. 


2. Siting 

The quality of the navigational signal radiated 
from a very high frequency omnidirectional range 
(vor) station depends on the obstructions and 
terrain in the immediate vicinity of the antenna 
as well as the obstructions and terrain within the 
service range of the station. An ideal site would 
be located on the highest ground in the vicinity 


Common name Nomenclature 
Antennasss > cries shee Antenna AT-669/FRN-22. 
Goniometer _ - -_-__--_- Electrical Goniometer GO-12/ 
FRN-20. 

INE Ver ermeer ocr ek Keyer KY-175/FRN. 

Meter panel___------_- Indicator Panel SB-830/FRN- 
22A. 

Modulation eliminator_| Modulation Eliminator MxX-— 
1843/FRN-20. 

Monitonee= pee ee Course Monitor M X-1837/FRN- 
20. 

Obstruction light_____- Aircraft Obstruction Marker Light 
M X-1919/FRN-22. 

Omnirange set______-- Radio Transmitting Set AN/ 
FRN-22A. 


Remote control cabinet.| Electrical Equipment Cabinet 
CY-1826/FRN-20. 
Remote control unit___| Radio Set Control C-1739/FRN-— 


20. 

Shelters se sb eal Electrical Equipment Shelter S— 
120/FRT-22. 

Shelter blower. .-.._-- Propeller Ventilating Fan HD- 
244/FRN-22. 

Stare Chere t ev ahah Platform Skid MX-1918/FRN- 
22. 

Transmitters. = 52. 222 Radio Transmitter T-573/FRN- 
20. 

Voltage regulator - - - -- Voltage Regulator CN-358/FRN- 
22. 


to provide maximum coverage, with level terrain 
cleared of all objects for a radius of at least 3,000 
feet, and no obstructions extending above the 
horizontal plane of the antenna within the service 
range of the station. In most localities, it is not 
possible to meet the ideal site requirements com- 
pletely, but every effort should be made to obtain 
the best site available. In many cases, a reason- 
able amount of grading and obstruction removal 
will produce a site which will meet all practical 
requirements. An example of a practical site is 
shown in figure 1. Although no absolute mini- 
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mum requirements can be stated, normally, a site 
will be considered acceptable if it meets the fol- 
lowing practical requirements: 

a. The terrain adjacent to the antenna should 
not slope upward from the ground level at the 
antenna and should be level for a radius of at 
least 200 feet. Beyond 200 feet, a downward 
slope may be tolerated if the contours are gen- 
erally circular about the antenna as a center, and 
the grade does not exceed 4 feet in 100 feet out 
to at least 1,000 feet. A combination of flat and 
sloping ground is satisfactory if a minimum level 
area with a radius of 200 feet is obtained. 

b. The surface of the terrain adjacent to the 
antenna should be cleared and reasonably smooth, 
with no irregularities such as ravines, ditches, 
rock outcroppings, or embankments which are 
above or below the average ground line by an 
amount exceeding 1 percent of the distance from 
the antenna. 

c. Although the quality of vor courses is largely 
determined by the terrain within the area about 
the antenna, prominent terrain features at greater 
distances may cause disturbances of considerable 
magnitude. Distant terrain features which have 
large, smooth, reflecting surfaces, such as a bluff 
or mountainside, will cause more disturbance than 
irregular surfaces. 

d. Ordinary farm-type wire fences above 4 feet 
high should not be permitted within 200 feet of 
the antenna. Chain-link type fences 6 feet or 
more in height should not be permitted within 
500 feet of the antenna. Beyond these distances, 
no wire fence should extend more than 0.5° above 
the horizontal, measured from the antenna. These 
requirements may be relaxed for fences which 
are essentially radial to the antenna. 

e. A single-pair telephone control line and a 
powerline are necessary for the operation of the 
omnirange set. Overhead power and control line 
extensions should not be run closer than 750 
feet to the antenna. The power and control lines 
between the terminal pole and the shelter must be 
run along the surface of the ground or buried. 
Overhead power and control line extensions be- 
tween 750 and 1,200 feet from the antenna are 
permitted, if the poles are installed on a radial 
from the center of the antenna. 

f. Single trees, up to 35 feet high, may be 
tolerated beyond 750 feet from the antenna. 


Groups of trees should not be permitted within 
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1,000 feet. From 1,000 to 2,000 feet, it is desirable 
that all trees subtend a vertical angle of 2° or less. 
g. No structures should be permitted within 
750 feet of the antenna. All structures which are 
partly or entirely metallic should subtend vertical 
angles of 1.2° or less measured from the antenna. 
Wooden structures with negligible metallic con- 
tent and with little prospect of future metallic 
additions (such as roofs and wiring) may be 
tolerated if subtending vertical angles of less than 
2.5°. On airports, structures such as a single 
hangar or line of hangars and administration 
buildings can produce interference in the same 
manner as power and telephone lines. The re- 
quirements discussed in e above will apply. 

h. When the omnirange set is installed on an 
airport, the shelter should be located, if possible, 
in an area adjacent to the intersection of the 
principal runways to provide approach guidance 
to the ends of the runways. To prevent the . 
shelter from being an obstruction to aircraft, it 
should be located not closer than 400 feet to the 
centerline of any runway or 200 feet to the cen- 
terline of a taxiway. When located off an air- 
port, select a site so that one of the course radials 
will provide letdown procedure to one of the 
runways, preferably the instrument runway. 


3. Unpacking 

When packed for shipment, the components of 
the omnirange set are packed in a total of 26 
wooden boxes and crates. The smaller com- 
ponents are placed in cartons before being packed 
in wooden boxes. Three shipping containers, 
typical of the different types used in packing the 
omnirange set, are shown in figure 2. Appendix 
II contains a table of packaging data, including 
the contents of each box. Remove the contents 
from the packing boxes and crates in the order 
outlined below. Open only the boxes necessary 
at the time to perform the installation. Para- 
graph 5 gives the correct order for performing 
installation operations. 

Caution: Be especially careful not to expose 
electronic components of the omnirange set to 
the weather. Complete installation of the om- 
nirange set normally requires several days. 
When there is no weatherproof structure con- 
venient to the installation site in which un- 
packing operations can be performed, unpack 
only those components which are to be used 
immediately. Carefully read the installation 


instructions (par. 5-29) to determine when cer- 
‘tain items are required. 
a. Box 22/26. 


(1) Cut and remove the five metal straps 
from around the two end caps and three 
packing blocks. 

(2) Use a nailpuller to remove nails from 
top, bottom, and sides of both wooden 
end caps. Remove and discard the end 
caps. 

(3) Use a nailpuller to remove nails from 
the three packing blocks so that the top 
piece can be removed. 

(4) Remove the wood building materials. 
Discard the packing blocks. 

. Box 21/26. 

(1) Position the box so that the 2-foot square 
plywood section is on top. 

(2) Cut and fold back the metal straps. 

(3) Use a nailpuller to remove nails from 
the diagonal brace. Remove the brace. 

(4) Pull the nails from the two corner 
braces. Remove the braces. 

(5) Pull the nails from the braces which 
were banded with the metal straps ((2) 
above). Remove the braces. 

(6) Pull the nails from the wood strips 
which hold the contents of the box in 
place. Remove the wood strips. 

(7) Remove the 2-foot square plywood sec- 
tion. 

(8) Lift out the fiberboard panel. 

(9) Remove the plywood section and the 
two roof sections. 

. Box 23/26. 

(1) Pry off the metal straps from the four 
top corners of the crate. 

(2) Use a nailpuller to remove the nails from 
only the side and end braces which 
fasten the top of the crate. Remove the 
top. 

(3) Cut and remove the metal straps which 
hold the wall sections. 

(4) Remove the two bolts at each end of the 
top wall section that fasten the wall 
section to the ends of the crate. Lift 
out the top wall section. Remove the 
five remaining wall sections. 

(5) Cut and fold back the metal straps 
which fasten the two wooden boxes to 
the center of the crate base. 

(6) Use a nailpuller to remove the nails 


from the tops of both wooden boxes. 
Remove the contents of these boxes only 
as required. 

(7) Cut and fold back the metal straps 
which fasten the six channel strips and 
ground rod to the crate base. Remove 
the channel strips and ground rod. 

(8) Cut and fold back the metal straps 
which fasten the 12 roof stiffeners to the 
crate base. Remove the roof stiffeners. 


. Bow 24/26. 


(1) Set the box so that it rests on its skids. 

(2) Cut and remove the metal straps. 

(3) Use a nailpuller to remove the nails 
from top of the box. Remove the top. 

(4) Pull the nails which fasten the wooden 
blocking collar (located at the top of 
the antenna pedestal) to the sides of the 
box. 

(5) Remove the bolts which fasten the an- 
tenna pedestal base to the end of the box. 

(6) Stand the box upright and set it on the 
end at which the antenna pedestal base 
is located. Remove the pedestal from 
the box. 

(7) Remove the bolts which fasten the 
wooden blocking collar to the top of the 
antenna pedestal. Remove the blocking 
collar. 


. Box 9/26. 


(1) Set the box so that it rests on its skids. 

(2) Cut and remove the metal straps. 

(3) Use a nailpuller to remove the nails from 
the top of the box. Remove the top. 

(4) Pull the nails which fasten the wooden 
blocking pieces to the sides of the box. 
Remove the blocking pieces. 

(5) Remove the small cartons from the box. 

(6) Remove the tape which holds the folded 
dipole to the upper side of the antenna. 

(7) Remove the antenna from the box. 

(8) Remove the paper cellulose wadding 
from the light fixture at the top of the 
antenna. Remove the tape from the 
cables wrapped around the end of the 
antenna support pipe. Remove the 
paper cellulose wadding from the plugs 
on the ends of the cables. 

(9) Open the two smaller cartons ((5) 
above). Remove the contents of the 
cartons. 

(10) Put the two larger cartons aside until 
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box 6/26 is opened. Remove the con- 

tents of these cartons in the same way 

the contents of cartons in box 6/26 are 
removed. 

f. Boxes 1/26 through 4/26 and 20/26. 

(1) Set each box so that it rests on its skids. 

(2) Cut and remove the metal straps. 

(3) Use a nailpuller to remove the nails 
along the bottom edges of the side of 
the box. Leave the top, sides, and ends 
of the box assembled. Lift this top as- 
sembly straight up until it clears the 
component, and set it aside. 

(4) Open the moisture-vaporproof barrier 
along the sealed edges at the end and 
sides. 

(5) Remove the tape from the corrugated 
paper wrapping. Open the corrugated 
paper wrapping. 

(6) Cut and remove the metal straps that 
hold the cabinet in place. 

(7) Remove the paper pads and lift out the 
component. 

(8) In boxes 1 through 4, remove paper 
cellulose wadding from around the plugs 
on the interior of the cabinet. 

(9) In boxes 1 through 4, collect all cloth 
bags, paper envelopes, and packages tied 
or taped inside the cabinet and place 
them on the floor of the cabinet. 

(10) In boxes 1 through 4, untie the trim 
strips from the wiring harness strip in- 
side the cabinet. Remove the paper 
wrapping from the trim strips and stand 
the trim strips inside the cabinet. 

g. Bowes 6/26 through 8/26, 11/26 through 


13/26, and 18/26 and 19/26. 


(1) Set each box so that it rests on its skids. 

(2) Cut and fold back the metal straps. 

(3) Use a nailpuller to remove the nails from 
the top of the box. Lift the toppieces 
off. 

(4) Remove the corrugated cartons from the 

box. Open the corrugated cartons and 

lift out the inner cartons inclosed in the 
moisture-vaporproof barriers. 

Open the sealed end of the moisture- 

vaporproof barrier on each carton. 

Stand the inner carton on the end on 

which the seal was just opened, Pull 

the moisture-vaporproof barrier up and 
off the carton. 


(5 


— 


(6) Open each inner carton. 

(7) Remove each component and all in 
dividually wrapped tubes. Unwrap the 
components and tubes. Be sure to keep 
the tubes for each component separate 
so that, at the proper time, they can be 
installed in the component with which 
they were packed. 


. Bowes 14/26 through 17/26. 


(1) Set each box on its top with the skids up. 

(2) Use a nailpuller to remove the nails 
around the four edges of the bottom of 
the box. | . 

(3) Set the box so that it rests on its skids. 

(4) Cut and remove the metal straps. 

(5) Lift the top assembly, which consists 
of the. top, sides, and ends of the box, 
straight up until it clears the component, 
and set it aside. 

(6) Open the moisture-vaporproof barrier 
along the sealed edges at the end and 
both sides. 

(7) Remove the tape from the corrugated 
paper wrapping. Open the corrugated 
paper wrapping. 

(8) Cut and remove the metal straps that 
hold the component in place. 

(9) Remove the tape, paper pads, and block- 
ing materials. 

(10) Remove the individually wrapped 
tubes. Unwrap the tubes and keep them 
in a safe place, separate from the tubes 
for the other components, until it is 
time to install them. 

(11) Lift out the component. 


2. Bow 10/26. 


(1) Complete the procedure given in h(1) 
through (7) above. 

(2) Remove the nuts from the bolts that 
hold the component to the bottom of the 
box. Lift out the component. 

(3) Viewed from the rear of the component, 
a small chassis with two tubes is mounted 
to the upper left-hand corner of the 
front panel. Remove the cardboard 
packing material from around this 
chassis. 

(4) A cloth bag or paper envelope contain- 
ing a bolt, nut, and washer is attached 
to the component. Use these hardware 
items to fasten the left-rear corner of 
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the large transformer to the component 
chassis. 
j. Bow 25/26. 
(1) Complete the procedure given in g(1) 
through (6) above. 
(2) Remove the contents of the carton. 
k. Bow 5/26. 
(1) Complete the procedure given in g(1) 
through (6) above. 
(2) Remove and unwrap the component. 
(3) Remove the small cartons and packages 
from the inside of the cabinet. Unwrap 
the small cartons and packages. 
l. Box 26/26. 
(1) Complete the procedure given in g(1) 
through (6) above. 
(2) Remove and unwrap the contents of the 
carton. 


4. Checking Unpacked Equipment 

a. Inspect the equipment for damage incurred 
during shipment. If the equipment has been 
damaged, refer to paragraph 2, TM 11-5825- 
205-12. 

b. See that the equipment is complete as listed 
in the packing slip. If a packing slip is not 
available, check the equipment against the pack- 
aging data in appendix II. 

c. If the equipment has been used or recondi- 
tioned, see whether it has been changed by a 
modification work order (MWO). If modified, 
the MWO number will appear on the front panel 
near the nomenclature plate. Check to see that 
this MWO number also appears on the schematic 
diagram of the manual accompanying the equip- 
ment. If not, add a note to the overall schematic 
diagram. 


Section li. INSTALLATION PROCEDURES 


5. General 


a. Although a minimum of two men can install 
Radio Transmitting Set AN/FRN-22A, a crew 
of four men is probably the most efficient under 
normal conditions. An experienced crew can 
install the omnirange set in approximately 5 days. 

b. Select the equipment location as outlined in 
paragraph 2. Refer to the unpacking instruc- 
tions in paragraph 8. 

c. Install the omnirange set in the order given 
below. These steps are outlined in detail in 
paragraphs 6 through 29. 

(1) Assembly of Platform Skid MX-1918/ 
FRN-22 (box 22/26). 

(2) Preparation and installation of Plat- 
form Skid MX-1918/FRN-22 (box 21/ 
26). 

(3) Installation of ground rod (23/26). 

(4) Assembly of Electrical Equipment Shel- 
ter S-120/FRN-22 (box 23/26). 

(5) Installation of Propeller Ventilating 
Fan HD-244/FRN-22 (box 20/26). 

(6) Installation of Antenna AT-669/FRN- 
22 (boxes 9/26 and 24/26). 

(7) Location and installation of Antenna 
Group AN/FRA-14 (box 9/26). 

(8) Installation of equipment in shelter 
(boxes 1/26 through 8/26 and 11/26 
through 19/26). 

(9) Installation of branched wiring harness 
W19 (box 25/26). 
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(10) Installation of flexible power conduits. 
(11) Installation of equipment at remote 
control point (box 5/26). 
(12) Entry of lines and cables into shelter. 
(18) Cabling and connections. 
Note. Certain cables must be connected dur- 
ing the installation procedure. 
(14) Installation of tubes and thermal re- 
lays. 
(15) Installation of crystals and fuses. 
(16) Installation of cabinet blowers. 

d. Except that needed for the skid, all hard- 
ware required to assemble or install the com- 
ponents of the omnirange set is attached to 
components with which the hardware is used. 
Hardware used to assemble the skid is packed 
with the shelter hardware. 


6. Assembly of Platform Skid MX-1918/ 
FRN—22 
(fig. 3) 


When possible, assemble the skid on the site 
for the omnirange set. However, this work can 
be done in a hanger or building reasonably near 
the site and the skid either towed into position or 
moved on a flat-bed truck. Parts from which 
the skid is to be assembled are supplied with the 
omnirange set and are listed on the skid assembly 
drawing. The skid assembly procedure (a-c be- 
low) refers to the parts by the item numbers 


shown on figure 3. Refer to the figure as each 
step in the assembly procedure is performed. 
a. Assembly of Skid Frame and Runners. 


(1) 


(2) 


(3) 


(4 


— 


(5) 


Use two sideplates (1) and two joists 
(2) to make the frame of the skid. Lay 
out these four pieces to form a square, 
with the joists between the sideplates. 
Be sure that the sideplates are positioned 
so that the beveled corners are at the 
bottom. 

Two men are required to mark the holes 
to be drilled for the brackets (3). One 
man holds the ends of one sideplate and 
one joist together to form a corner. The 
second man fits a bracket into the corner 
% inch down from the top edges, holds 
it firmly in place with one hand, and 
uses the bracket as a template to mark 
the location of the holes. Repeat this 
procedure at each of the four corners. 
Drill a %-inch diameter hole at each 
location marked in 6 above. 

Use 6 bolts (4), 12 washers (5), and 6 
nuts (6) to fasten each corner bracket 
(3) in place. Put one washer on each 
of the six bolts. Use a hammer to drive 
three bolts through the holes in the side- 
plate, leaving the boltheads on the out- 
side surface. Place a corner bracket over 
the ends of the three bolts. Use a washer 
and nut on each bolt to hold the bracket. 
Do not tighten the nuts at this time. 
Have one man hold the joists in place so 
that the holes in the joist line up with 
the holes in the corner bracket. Have a 
second man drive three bolts through the 
holes in the joist and the bracket. Use 
a washer and nut on each bolt. Do not 
tighten the nuts at this time. Install the 
three remaining brackets, using this 
same procedure. After the four brackets 
have been installed, tighten all nuts. 
Two runners (13) are to be installed 
under the skid framework. Raise one 
side of the skid on which a sideplate is 
located. Position one runner flush 
against the inside surface of the side- 
plate and permit the ends of the joists 
to rest on top of the runner. Keep the 
ends of the sideplate and the ends of the 
runner as even as possible. Raise the 
opposite side of the skid. Place the 


second runner under this side. Hold the 
runners firmly against the sideplates and, 
at approximately 8-inch intervals, drive 
a nail (8) through the sideplates and 
into the runners. 


b. Assembly of Joists and Spreader Blocks. 
(1) The two sideplates of the skid frame are 


(2 


(3 


(5 


) 


) 


SS 


—— 


120 inches long. Measure in 60 inches 
from one end on both sideplates and 
mark these points. Draw a guideline 
across the 2-inch thickness of the side- 
plates at the marked points. 

Install two joists (7) between the side- 
plates with their ends resting on the 
runners. Position the joists so that their 
8-inch sides are vertical and flush against 
each other and the joint between them 
is alined with the guidelines ((1) 
above). To hold each of the joists in 
place, drive three nails (8) through both 
sideplates and into the ends of the joist. 
Use one nail (8) on each side of the 
joists and toenail the ends of the joists 
to the runners. 

Use two spreader blocks (9) as spacers, 
and install two joists (7) between the 
sideplates, one to the right and one to 
the left of the installed joists ((2) 
above). Fasten these joists to the side- 
plates with three nails (8) at each end. 
Use two nails (8) at each end and toe- 
nail the joists to the runners. 

The distance from the outside of one 
sideplate to the outside of the other side- 
plate is 120 inches. On the four joists 
already installed, measure in 24 inches 
from the outside of one sideplate and 
draw a line across the 2-inch thickness 
of each joist. Measure in 60 inches from 
the outside of the same sideplate and 
again draw a line across the four joists. 
Install four spreader blocks (9) between 
the joists. Center two spreader blocks 
on the lines drawn across the joists at 
the 24-inch point. Center the other two 
spreader blocks on the lines drawn 
across the joists at the 60-inch point. 
Where the ends of the spreader blocks 
contact single joists, drive three nails 
(8) through the joists into the spreader 
blocks. Use three nails (8) and toenail 
the other ends of the spreader blocks to 
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(7 


(8 


——— 


— 


— 


the double joists across the center of 
the skid. 

Use two spreader blocks (10) as spacers, 
and install four more joists (7) between 
the sideplates, two on the right and two 
on the left of those already installed. 
Fasten these joists to the sideplates with 
three nails (8) at each end. Use two 
nails (8) at each end and toenail the 
joists to the runners. 

As stated in (4) above, lines were drawn 
across the thickness of four joists at a 
point 24 inches from the outside of one 
sideplate. On the four installed joists 
((6) above) and the two joists that are 
part of the skid frame, measure in 24 
inches from the outside of the opposite 
side plate and draw a line across the 
2-inch thickness of each joist. Measure 
in 60 inches from the outside of the same 
sideplate and again draw a line across 
each of the six joists. 

Install four spreader blocks (10) and 
two spreader blocks (11) between the 
joists. Keep the centers of the spreader 
blocks on the lines drawn across the 
joists at the 24-inch point. Install four 
more spreader blocks (10) and two more 
spreader blocks (11) between the joists. 
Keep the centers of these spreader blocks 
on the lines drawn across the joists at 
the 60-inch point. At one end of each 
spreader block (11), drive three nails 
(8) through the joist and into the 
spreader block. At both ends of the 
remaining spreader blocks, use three 
nails (8) and toenail the spreader blocks 
to the joist. 


c. Installation of Stringer. 
(1) One centerline of the skid runs paralle] 


to the sideplates. Spreader blocks have 
already been installed so that they are 
centered on this line. Lay the stringer 
(12) flat in the position shown. Block 
up the stringer so that it is flush against 
the underside of the spreader blocks 
and joists. Keep the stringer centered 
on the spreader blocks and the ends ot 
the stringer even with the sides of the 
outside joists. 

Toenail the joists and spreader blocks to 
the stringer with nails (8). Use two 


nails on each side of the spreader blocks 
and one nail on each side of the joists. — 
d. Assembly of Plywood Top. Lay out the 
plywood sections (14-17) in their proper loca- 
tions on top of the skid. When laid out properly, 
the joints between the sections of plywood will 
fall at the center of either joists or spreader 
blocks. Fasten one plywood section at a time 
to the skid. Use the nails (18) to hold the ply- 
wood sections in place. Drive the nails on ap- 
proximately 6-inch centers around the edges of 
the plywood sections. Drive the nails (18) at 
approximately 12-inch intervals along the Joists 
and spreader blocks which run under the ply- 
wood sections. 


7. Preparation and Installation of Platform 
Skid MX-1918/FRN—22 


a. Draw a diagonal line between each pair of 
opposite corners of the skid. The point where the 
two lines cross is the center of the skid. Use the 
intersection as a center and draw one circle with 
a 9-inch radius and a second circle with a 563%- 
inch radius. 

6. From the center point, measure out 12 inches 
on one of the diagonal lines. Make a mark on 
the diagonal line at the 12-inch point. Use the 
marked point as a center and draw a 2-inch radius 
circle. Just inside the circumference of the circle, 
drill a hole through the plywood large enough to 
clear the blade of a keyhole saw. Use a keyhole 
saw to cut out a hole represented by the circle. 
Use a wood file and bevel around the top of the 
hole to remove sharp edges. 

c. Final positioning of the skid depends on the 
direction the shelter door will face. Where pos- 
sible, see that the shelter door faces farthest from 
the point from which the prevailing winds blow. 
Since the shelter door must be located at the 
corner of the skid nearest the 4-inch hole (4 
above), turn this corner of the skid toward the 
direction the door is to face. Make sure the skid 
is resting on solid ground. Use a spirit level to 
level the skid. 


8. Installation of Ground Rod 


a. A 6-foot copper-jacketed steel rod is sup- 
plied with the omnirange set to provide an earth 
ground. Insert the rod through the 4-inch diam- 
eter hole cut in the plywood top of the skid 


(pareiy): 


6. Position the rod so that it is vertical and (2) Drill a %-inch diameter hole into the 


against the edge of the hole. To permit entry skid through the center of each of the 12 
of necessary lines and cables through the hole, slots in the base of the antenna pedestal. 
drive the rod as straight as possible into the (3) Use twelve 1%4- by 114-inch lag screws 
eround until about 3 inches of the rod is left and twelve %¢-inch inside diameter by 
ae the top of the skid. 13-inch outside diameter washers to 
; : hold the pedestal in place. Start a lag 
9. Assembly of Electrical Equipment Shelter screw in each of the 12 holes ((2) above). 
S—120/FRN—22 Use a ratchet wrench (or a motor-driven 
(figs. 4-6) impact tool if available) and a 2%,5-inch 
The assembly procedure for the shelter is given 12-point socket to partially tighten the 
in a through d below. lag screws. Do not tighten the lag 
a. Installation of Antenna Pedestal (fig. 4). screws completely because it may be 
(1) Set the antenna pedestal in the center necessary to rotate the pedestal slightly 

of the skid so that the circumference of during later stages of shelter assembly. 
the 9-inch radius circle drawn on the skid b. Assembly of Shelter Wall Sections (fig. 4). 
shows through the slots in the base of the (1) Six curved wall sections form the sides 
pedestal. Rotate the antenna pedestal of the shelter. Start with the wall sec- 
until the circuit breaker boxes mounted tion containing a cutout for the shelter 
on the pedestal (fig. 201) are above the blower. Position this wall section so 
4-inch diameter hole and face directly that the holes in its bottom flange are on 
toward the corner of the skid. the circumference of the 5634-inch radius 
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circle drawn on the skid, and the center 
of the wall section is directly behind the 
pedestal when viewed from a_ point 
facing the circuit breaker boxes on the 
pedestal. 

(2) Place the second wall section to the left 
of the first wall section, as viewed from 
inside shelter. Either of the two wall 
sections containing a cutoff for an ex- 
haust vent can be used in this location. 
Hold the first section upright and posi- 
tion the next section so that its edge fits 
over the edge of the first section to form 
a lap joint. Use driftpins to line up the 
holes in the overlapping edges of the 
wall sections. While the two wall sec- 
tions are held upright, insert four 14-13 
by 1-inch bolts through equally spaced 
holes in the lap joint from outside the 
shelter. Hold the boltheads to keep them 
from turning while the nuts are.threaded 
on from inside the shelter. Leave the 
nuts and bolts loose; their only purpose 
is to hold the wall sections together 
temporarily. 

(3) Working toward the left, as viewed from 
inside the shelter, continue with the as- 
sembly of the wall sections. Raise one 
wall section at a time, and attach it to 
the preceding wall section with the four 
bolts and nuts as described in (2) above. 
Assemble the remaining wall sections in 
the following order: 

(a) Wall section without cutouts. 
(6) Wall section containing shelter door. 
(c) Wall section containing cutout for 
exhaust vent. 
(d) Other wall section without cutouts. 
ce. Assembly of Shelter Roof Sections (fig. 5). 

(1) Six stiffeners must be bolted to the 
underside of each of the two roof sec- 
tions before the roof sections are put in 
place. Each roof stiffener has two 
flanges which are turned in opposite 
directions. Four boltholes are spaced 
along each flange. As shown, the flange 
bolted to the roof section is turned to- 
ward the left. Four 14-13 by 1-inch 
bolts, recessed washers, ring gaskets, and 
nuts are used to fasten each stiffener in 
place. Stand one roof section upright on 
its straightedge. Hold the roof stiffener 


(2) 


(3 


— 


against the black painted side of the roof 
section, and aline the holes in the stiff- 
ener with the holes in the roof section. 
Place a recessed washer and ring gasket 
on each bolt, and insert the bolts through 
the holes from the opposite side of the 
roof section. Thread the nuts on the 
bolts. When the six roof stiffeners are 
in place, use a ratchet wrench or impact 
tool and a ?%,-inch 12-point socket to 
tighten all bolts securely. Use this same 
procedure to fasten the six stiffeners to 
the second roof section. 

Raise one roof section and place it on 
top of the wall sections. Position the 
section so that the semicircular cutout in 
its straightedge rests on the flange on 
top of the pedestal and the straightedge 
bisects the shelter at the middle of two 
opposite wall sections. 

Three 120° segments of rubber gasket 
material are used around the pedestal 
flange to provide a seal between the 
flange and the two roof sections. Two 
men are needed to install these gasket 
segments and bolt the roof sections to 
the pedestal flange. First, obtain a 7- 
foot plank, or other suitable material, 
capable of safely supporting the weight 
of one man. Lay this plank across the 
unroofed portion of the shelter with one 
end of the plank resting on the pedestal 
flange; station one man on this plank. 
The second man, inside the shelter, holds 
the roof section up away from the pedes- 
tal flange. The man on top of the shel- 
ter overlaps one gasket segment with 
another by the space of one hole and 
positions both segments under the roof 
section so that the excess lengths pro- 
trude from under the roof section by 
approximately equal amounts. Use three 
%-13 by 1-inch bolts, recessed washers, 
ring gaskets, and nuts to fasten the roof 
section to the pedestal flange. The man 
on top of the shelter places a recessed 
washer and ring gasket on each bolt and 
inserts the bolts through the three holes 
near the center of the semicircular cut- 
out in the roof section. The man in- 
side the shelter threads the nuts on the 
bolts. Tighten the bolts securely. Re- 
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move the plank from the top of the 
shelter. 

Raise the remaining roof section to the 
top of the shelter. Position this section 
so that its straightedge overlaps the 
straightedge of the first roof section. 
Station one man on top of the first roof 
section and a second man inside the shel- 
ter. The rubber strip gasket to be used 
between overlapping edges of the roof 
sections is supplied in rolls. The man 
inside the shelter lifts the straightedge 
of the top roof section. The man on top 
of the shelter inserts the rubber strip 
gasket, cut to proper length, between the 
overlapping straightedges on each side 
of the antenna pedestal. If necessary, 
use driftpins to aline the holes in the 
gasket and roof sections. Insert 4-13 
by 1-inch bolts through several holes to 
keep the holes alined. Insert the re- 
maining 120° gasket segment between 
the top roof section and the pedestal 
flange. On each side of the antenna 
pedestal, install an offset gasket between 
the lap joint in the shelter roof and the 
gasket segments on the pedestal flange. 
To fasten the roof sections to the pedes- 
tal flange, use 34-16 by 1-inch bolts, with 
recessed washers, ring gaskets, and nuts 
at the holes where the roof sections over- 
lap. Use 4%4-13 by 1-inch bolts, recessed 
washers, ring gaskets, and nuts at all 
other holes in the pedestal flange. 
Tighten all bolts securely. 

Fasten the overlapping edges of the roof 
sections together with 14-13 by 1-inch 
bolts, recessed washers, ring gaskets, and 
nuts. Tighten the bolts securely. 


d. Final Assembly of Shelter (fig. 5). 
(1) Bolt the wall sections together perma- 
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nently. Complete the work at one lap 
joint before moving to the next. At each 
lap joint, insert a length of rubber strip 
gasket between the wall sections and use 
a channel strip inside the shelter to keep 
the nuts from turning. Use a 14-13 by 
1-inch bolt, recessed washer, ring gasket, 
and nut at each hole in the vertical por- 
tion of the lap joint. Leave the holes in 
the top and bottom flanges open. Do 
not tighten the bolts until the bolts are 


(2) 


(3) 


(4) 


(5 


Se 


(6) 


in place in every lap joint; then tighten 
all bolts securely. 

Aline the boltholes in the circumference 
of the shelter roof with the boltholes in 
the top flanges of the wall sections by 
shifting the wall sections and/or rotat- 
ing the pedestal. Use driftpins to help 
with the final alinement of the boltholes. 
Install an offset gasket at each lap joint 
between the wall sections and at the two 
points where the overlapping roof sec- 
tions meet the shelter walls. Insert the 
strip gasket between the roof and wall 
sections completely around the shelter. 
To fasten the roof to the wall sections, 
use 34-16 by 1-inch bolts with recessed 
washers, ring gaskets, and nuts at holes 
in the wall lap joints and holes where the 
roof sections overlap. Use 14-13 by 1- 
inch bolts, recessed washers, ring gaskets, 
and nuts at all other holes around the 
roof circumference. 

Adjust the lower portions of the wall 
sections so that the holes in their bottom 
flanges are centered, as nearly as pos- 
sible, over the 56%£-inch radius circle 
drawn on the skid. Drill one 44-inch’ 
pilot hole into the skid through the hole 
in each wall section lap joint, and addi- 
tional 14-inch holes through every third 
hole in each wall section flange. 

Use a pry bar to raise the bottom flange 
of one wall section. Insert one end of a 
roll of rubber strip gasket between the 
flange and the skid, and install an off- 
set gasket at the lap joints. Install a 
%- by 1%-inch lag screw, recessed 
washer, and ring gasket at each hole 
previously drilled into the skid. Tighten 
the lag screws securely. Continue this 
process completely around the shelter. 
After the shelter assembly is com- 
pleted, use a spirit level to make sure 
the pedestal is vertical. If necessary, 
drive shims under the pedestal base to 
straighten it. When the pedestal is ver- 
tical, tighten securely the 12 lag screws 
at the pedestal base. Recheck the ver- 
tical alinement of the pedestal after the 
lag screws are tightened. 

A caulking gun is supplied with the 
shelter. On the inside of the shelter, 
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apply caulking compound to the joints 
formed by the wall sections and roof, 
antenna pedestal and roof, wall sections 
and skid, and to the joints between the 
wall sections. Save some of the caulking 
compound for use around the shelter 
blower and exhaust vents after they are 
installed (par. 10). 


10. Installation of Propeller Ventilating Fan 
HD-—244/FRN-22 
(fig. 6) 

a. Remove the roll of rubber strip gasket and 
the bag of mounting hardware from the bar-type 
grill of the shelter blower. Leave the flexible 
conduit attached to the grill. 

b. The upper mounting flange for the shelter 
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blower was removed to facilitate packing. Posi- 
tion the upper mounting flange on the blower 
housing so that the four holes in one edge are 
alined with the four holes in the top of the 
blower housing. Fasten the mounting flange to 
the blower housing with the four 4-20 by %- 
inch capscrews, lockwashers, and nuts. Tighten 
all screws securely. 

c. Inside the blower housing are two electro- 
static air filters in cardboard cartons and two 
louvered exhaust vents. Loosen the two knurled 
thumbscrews which hold the rear panel of the 
blower housing in place. Pull the panel outward 
to clear the lock hasp and pull it downward to 
remove the top edge of the panel from under the 
flange on the blower cover. 

d. Cut and remove the metal strap from around 
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18 Figure 6. Propeller Ventilating Fan HD-244/FRN-22, installation view No. 1. 
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Figure 7. Propeller Ventilating Fan HD-244/FRN-22, installation view No. 2. 


the exhaust vents. Remove the exhaust vents 
and air filters. 

e. Insert a length of rubber strip gasket be- 
tween each of the four shelter blower mounting 
flanges and the shelter wall section. Match the 
holes in the roll of strip gasket with the holes 
in the mounting flange and cut the gasket to the 
proper length. 

f. Mount the shelter blower to the shelter as 
shown in figure 6. Use some of the strip gasket 
previously cut for the upper mounting flange 
(e above). Two men raise the blower and hold it 
in position. A third man inserts the gasket and 
guides the %,g-18 by 34-inch capscrews through 
the holes in the flange through the gasket and the 


shelter wall section. A fourth man, inside the 
shelter, places lockwashers and nuts on the screws. 
Tighten the screws just enough to hold the blower 
in place. Install lockwashers and nuts on the 
remaining screws in the upper flange but leave 
the nuts slightly loose. 

g. Use strip gaskets, 46-18 by %4-inch cap- 
screws, lockwashers and nuts and fasten the three 
remaining flanges to the shelter wall section. 
When all screws are in place, tighten all nuts 
securely. 

h. Install the two electrostatic filters in the 
blower housing as shown in figure 7. Be sure 
the airflow arrows on the sides of the filters point 
toward the top of the blower housing. 
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i. Replace the rear panel of the blower housing. 
Tighten the two knurled thumbscrews to hold the 
panel in place. 

j. Use the method described in e above’ and 
cut the rubber strip gasket to fit the mounting 
flanges on the two exhaust vents. 

k. Mount the exhaust vents to the wall sections 
as shown in figures 4 and 6. Use the rubber strip 
gasket between the vent mounting flanges and the 
wall section. Fasten the vents to the wall sections 
with the % -18 by %4-inch capscrews, lock- 
washers, and nuts. Tighten all screws securely. 

1. From inside the shelter, remove the wires 
which fasten the flexible conduit to the bar-type 
grill of the shelter blower. Lay the flexible con- 
duit along the top of the roof stiffener flange 
nearest the point where the conduit emerges 
from the blower housing (fig. 8). At several 


l/2-15 NUE 


FLEXIBLE 
CONDUIT 


points, clamp or lash the conduit to the stiffener. 
Make a partial loop around the antenna pedestal 
and fasten the mounting plate on the fuse and 
thermostat box to a roof stiffener with a 144-13 
by 1-inch bolt, lockwasher, and nut. 

m. Make all connections to the circuit breaker 
boxes on the antenna pedestal at one time. Tie 
the free end of the flexible conduit to the antenna 
pedestal to keep it out of the way until needed. 

n. On the inside of the shelter, use the caulking 
gun and apply caulking compound to the joints 
around the shelter blower and the exhaust vents. 


11. Installation of Antenna AT—669/FRN— 
22 
(fig. 1, TM 11-5825-205-12) 


a. The fixture portion of the obstruction light 
is mounted on top of the antenna at the factory. 
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Figure 8. Propeller Ventilating Fan H D-244/FRN-22, installation view No. 8. 
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The two traffic signal bulbs and two red glass 
light lenses for the obstruction light are packed 
with the antenna. Screw a traffic signal bulb into 
the socket in each branch of the obstruction light 
fixture. Place a red light lens over each bulb and 
screw the lens into the fixture until it seats firmly 
against the rubber gasket inside. 

Caution: When placing the antenna on the 
shelter roof (6 below), be very careful that the 
bolts in the roof do not puncture the antenna 
radomes. 

b. The antenna mounts above the shelter roof 
and fits into the top of the antenna pedestal. 
Lift the antenna and carefully lay it on the 
shelter roof. 

c. Five cables extend from the open end of the 
antenna support pipe. Insert the cables back 
into the support pipe opening. Push the cables 
into the support pipe until only a short portion 
of each cable extends beyond the end of the pipe 
opening. This will protect the cables and con- 
nectors from possible damage as the antenna is 
installed. 

d. Raise the antenna to an upright position 
and ease the antenna support pipe down inside 
the pedestal until it rests on the flange inside the 
pedestal. 

e. Set up a surveyor’s transit 200 or 300 feet 
from the north side of the shelter. A portion of 
the antenna support pipe is visible between the 
body of the antenna and the shelter roof. Sight 
through the transit and, keeping the transit 
alined on the center of the support pipe, shift 
the transit until it is aligned on a bearing of 180° 
magnetic. Rotate the antenna until the vertical 
black mark and the letter N (near the nameplate) 
are centered in the transit. Use a 14-inch socket- 
head wrench to tighten the four setscrews around 
top of antenna pedestal (fig. 4). Use a %4-inch 
wrench to tighten the locknuts on the setscrews. 

f. From inside the shelter, reach through the 
access hole at the rear of the pedestal and pull the 
five antenna cables through the hole. Coil the 
ends of the cables to keep them out of the way 
until instructions are given on how to connect 
them. 


12. Location and Installation of Antenna 
Group AN/FRA-14 
(figs. 1 and 9) 


a. Locate the AN/FRA-14 within 20° of north, 
south, east, or west. Select the position which is 


the greatest distance from obstructions, runways, 
taxiways, or aircraft ramps. Measure 100 feet 
from the antenna and mark this point. 

6b. The mounting post for the AN/FRA-14 is 
not supplied with the omnirange set. The post 
should be of a nonmetallic material not over 4 
inches square and long enough so that when it is 
installed a 10-foot portion will remain above 
ground level, with enough extra length below 
ground level to provide a firm base. A wooden 4- 
by 4-inch post 16 to 20 feet long should be suffi- 
cient for this purpose. A wood preservative 
should be applied to the portion of the post which 
is placed in the ground and the portion above 
ground should be painted to protect it from the 
weather. At the 100-foot point (a above), dig a 
hole for the post. Install the post with one of 
its flat sides facing directly toward the center of 
the antenna on the shelter. Where necessary, use 
cement around the base of the post, or use non- 
metallic guying materials to hold the post vertical. 

c. Mount the folded dipole for the AN/FRA- 
14 on the case as shown in figure 9. Remove the 
outside nut and lockwasher from studs protrud- 
ing from the standoff insulators on each side of 
the case. Remove the two capscrews and _lock- 
washers which hold the clamping bar in place; 
remove the clamping bar. Fit the ends of the 
dipole over the studs protruding from the stand- 
off insulators. Place a nut and lockwasher on 
each stud to retain the ends of the dipole, but do 
not tighten the nuts. Seat the middle of the 
dipole into the depression in the dipole support 
block on top of the case. Place the clamping 
bar over the middle of the dipole and fasten it 
in place with the two capscrews and lockwashers. 
Tighten the nuts to hold the ends of the dipole 
in place. 

d. Use the four bolts and clamping plate sup- 
plied and fasten the AN/FRA-14 at the top of its 
mounting post on the side facing the antenna on 
the shelter. 


13. Installation of Equipment in Electrical 
Equipment Shelter S—120/FRN—22 


Installation of equipment in the shelter consists 
of positioning the equipment cabinets in the 
shelter, installing panels and components in each 
cabinet, and installing the shelter hghts. Perform 
the operations outlined below. 

Warning: Some of the individual components 
to be installed in equipment cabinets are quite 
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Figure 9. Antenna Group AN/FRA-14, installation of dipole. 


heavy. To prevent injury to personnel or dam- 
age to equipment, use sufficient personnel to 
safely accomplish installation of these com- 
ponents. 

a. Figure 10 shows the relative location of 
each cabinet within the shelter. Individual cabi- 
nets can be recognized by referring to the identifi- 
cation plate located above the opening in the 
front of the cabinet. The rear door of each 
equipment cabinet is hung on separable hinges. 
Remove the rear door from each of the four cabi- 
nets by first opening the door and then lifting it 
straight up and off the hinge pins. Leave the 
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doors in a safe place outside the shelter while 
the cabinets and components are being installed. 

b. Move the No. 1 CY-1899/FRN-22 into the 
shelter and position it as shown in figure 10. 
Remove the trim strips and envelopes of hard- 
ware from inside the cabinet. 

c. Figure 11 shows where the components and 
blank panel are to be installed in the CY-1899/ 
FRN-22. Shp the speed nuts over the holes in 
the cabinet flanges at points where the components 
and panel are to be fastened. Start at the bot- 
tom of the cabinet and fasten the components and 
panel to the cabinet with the 10 by %-inch sheet 
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metal screws. Use the trim strip clips at loca- 
tions shown in the figure. 

d. To mount the cabinet trim strips, hold a 
trim strip in position with one edge of the strip 
under one side of the trim strip clips. Tap the 
trim strip with a rubber or padded hammer at 
each clip to snap the strip into place. 

e. Move the CY-2274/FRN-22A into the shel- 
ter and position it as shown in figure 10. Re- 
move the trim strips and envelopes of hardware 
from inside the cabinet. 
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Electrical Equipment Shelter S—120/FRN-22, floor layout. 


f. Figure 12 shows where components and 
blank panels are to be installed in the CY- 
9274/FRN-22A. Slip the speed nuts over the 
holes in the cabinet flanges at the points where 
components and panels are to be fastened. Start 
at the bottom of the cabinet and fasten the com- 
ponents and panels to the cabinet with the No. 
10 by \%-inch sheet metal screws. Use the trim 
strip clips at the locations shown in the figure. 
Mount the cabinet trim strips as described in d 
above. 
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Figure 12. LHlectrical Equipment Cabinet CY-2274/FRN-22A, component installation diagram. 
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g. Move the No. 2 CY-1899/FRN-22 into the 
shelter and position it as shown in figure 10. Re- 
move the trim strips and envelopes of hardware 
from inside the cabinet. Use the procedure de- 
scribed in c and d above to install the components, 
blank panel, and trim strips. 

h. Move the CY-1897/FRN-22 into the shelter 
and position it as shown in figure 10. Remove 
the packaged cables, trim strips, and envelopes 
of hardware from inside the cabinet. Store the 
packaged cables in a safe place until required for 
making connections to components in the cabinet. 

i. A handset mounting bracket is fastened to 
the inside of the right wall of the CY-1897/ 
FRN-22 by two 8-32 by 14-inch machine screws, 
lockwashers, and nuts. Remove the handset 
mounting bracket, machine screws, lockwashers, 
and nuts. Use the same two holes and mounting 
hardware and fasten the bracket on the outside 
of the cabinet (fig. 18). 

;. Figure 13 shows where the components and 
blank panels are to be installed. Slip the speed 
nuts over the holes in the cabinet flanges at the 
points where components and panels are to be 
fastened. 

k. Loosen the six front-panel screws on the 
voltage regulator (fig. 13) and set it in the bottom 
of the CY-1897/FRN-22. Make certain that the 
chassis is seated solidly. Adjust the front panel 
on its slotted brackets so that the panel rests on 
the flange across the bottom of the cabinet open- 
ing. Tighten the six front-panel screws and 
fasten the panel to the cabinet with the 10 by %- 
inch sheet metal screws. 

J. Start with the blank panel above the voltage 
regulator and fasten the remaining components 
and panels to the cabinet with the sheet metal 
screws. Use the trim strip clips at the locations 
shown in figure 13. Mount the trim strips as de- 
scribed in d above. 

m. Screw the 100-watt light bulbs into the two 
sockets at the top of the antenna pedestal. 


14. Installation of Branched Wiring Harness 
W119 
(fig. 14) 

F igure 14 shows how branched wiring harness 
W19 is to be installed between the four equip- 
ment cabinets. Directions for connecting in- 
dividual wires of W19 will be given later. 

a. Remove the bushing from the conduit nip- 
ple. Insert the threaded portion of the conduit 
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nipple and the ends of the inclosed wires through 
the hole nearest the rear in the side of the No. 1 
CY-1899/FRN-22. Replace the bushing on the 
end of the conduit nipple and, with the junction 
box parallel with the shelter floor, tighten the 
bushing securely. 

b. Remove the locknut from the connector on 
the shortest length of flexible conduit extending 
from the junction box. Insert the threaded por- 
tion of the connector and the ends of the inclosed 
wires through the hole nearest the rear in the 
side of the CY-1897/FRN-22. Replace the lock- 
nut on the connector and tighten it securely. Use 
the same procedure to install the remaining two 
flexible conduits to the equipment cabinets. 


15. Installation of Flexible Power Conduits 
(fig. 15) 


Five flexible power conduits extend from the 
lower circuit breaker box on the antenna pedestal. 
Figure 15 shows how these conduits are to be 
installed between the circuit breaker box and the 
four equipment cabinets. Directions for connect- 
ing individual wires contained in the flexible 
power conduits will be given later. 

a. A %4-inch flexible conduit containing three 
#14 AWG wires extend from the lower right- 
rear corner behind the circuit breaker box. Re- 
move the locknut from the connector on the free 
end of the conduit. Insert the three wires and 
the threaded portion of the conduit connector 
through the hole nearer the front on the lower- 
left side of the CY-2274/FRN-22A. Replace 
and tighten the locknut. 

b. Two 34-inch flexible conduits, each contain- 
ing five #14 AWG wires, extend from the left 
side of the bottom of the circuit breaker box. 
Remove the locknut from the connector on the 
free end of the rear conduit. Insert the five wires 
and the threaded portion of the conduit connec- 
tor through the hole nearer the front of the lower- 
right side of the No. 1 CY-1899/FRN-22. Re- 
place and tighten the locknut. Remove the lock- 
nut from the connector on the free end of the 
front conduit. Insert the five wires and the 
threaded portion of the conduit connector through 
the hole nearer the front on the lower-right side 
of the No. 2 CY-1899/FRN-22. Replace and 
tighten the locknut. 

c. A 34-inch flexible conduit containing eight 
#18 AWG wires extends from the right-front 
corner of the bottom of the circuit breaker box. 
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Figure 14. Branched wiring harness W19, installation diagram. 


Remove the locknut from the connector on the 
free end of the conduit. Insert the eight wires 
and the threaded portion of the conduit connec- 
tor through the hole adjacent to the porcelain 
bushing on the lower-left side of the CY-1897/ 
FRN-22. Replace and tighten the locknut. 

d. A %4-inch flexible conduit containing three 
#10 AWG wires extends from the lower left- 
rear corner behind the circuit breaker box. Re- 
move the locknut from the connector on the free 
end of the conduit. Insert the three wires and 
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the threaded portion of the conduit connector 
through the upper hole in lower-left side of the 
CY-1897/FRN-22. Replace and tighten the lock- 
nut. 


16. Installation of Equipment at Remote 
Control Point 
Installation of equipment (fig. 4, TM 11-5825- 
205-12) at the remote control point consists of 
assembling the microphone, mounting the handset 
bracket on the side of the remote control cabinet, 
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Figure 15. Flexible power conduit, installation diagram. 


and selecting the location for the remote control 
cabinet. Directions for connecting the equip- 
ment will be given later. Perform the operations 
outlined below. 

a. Plug the connector on the microphone head 
into the receptacle on the microphone stand. 
Tighten the knurled coupling ring securely. 

6. A handset mounting bracket is fastened on 
the interior of the right side of the remote control 
cabinet. Remove the hardware and bracket. Use 
the same holes and hardware and fasten the 


bracket to the outside of the cabinet as shown in 
figure 13. 

c. Several factors should be considered when 
selecting the best location for the equipment at 
the remote point. Set the remote control cabinet 
at the location which best meets the following 
requirements: 

(1) Convenience for the operator. 

(2) Accessibility to a 115-volt alternating 
current (ac) power outlet. 

(3) Accessibility to the telephone control 
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line which is to be run between the re- 
mote control point and the site of the 
omnirange set. 

(4) Accessibility to an earth ground. 


17. Entry of Lines and Cables into Electri- 
cal Equipment Shelter S—120/FRN—22 


The lines and cables which must be brought 
into the shelter are the main powerline for the 
omnirange equipment, the telephone control line 
between the remote control point and the shelter, 
and the radiofrequency (RF) cable and power 
cable for the AN/FRA-14. The main powerline 
and the telephone control line (wire pair) are 
not furnished as part of the omnirange set. Local 
conditions and preferences of responsible auth- 
orities will govern selection of materials used 
for these lines, based on the following considera- 
tions: the main power source must be 195 to 255 
volts ac, 50 to 60 cycles per second (cps), single 
phase, grounded or ungrounded neutral, and the 
powerline must be able to carry the maximum 
current (25.5 amperes) with an adequate safety 
factor. Perform the operations outlined below. 

Caution: Although uncommon, a situation 
may be encountered where one side of the main 
ac powerline is at ground potential. Where 
this condition exists, a line isolation trans- 
former must be used. The current-carrying 
capacity of the transformer should be the same 
as that stated above for the powerline. 

a. Run the powerline from the main power 
source and the control line from the remote con- 
trol point; bring them together at a point just 
outside the shelter. Zo avoid any chance of 
affecting the antenna radiation pattern, do not 
string these lines above ground level any closer 
than 750 feet from the shelter. Normally, unless 
they must cross runways, taxiways, or aircraft 
ramps, the powerline and control line may be run 
on the surface of the ground for the remainder 
of the distance to the shelter. In places where 
these lines must cross runways, taxiways, or air- 
craft ramps, bury them. Where the powerline 
and control line approach the shelter from the 
same direction, keep the lines at least 2 feet apart 
all the way to the shelter. Bring the powerline 
and control line together at either of the two skid 
sides which does not have runners beneath it. 
Measure out an additional 15 feet of each line 
and cut the lines from the spool. Leave the ends 
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of the lines where they are until the cables from | 
the AN/FRA-14 are brought up. | 

b. Rf cable assembly W7 and power cable as- 
sembly W10 each must have one end connected 
to the AN/FRA-14 before their opposite ends 
can be brought into the shelter. Connect one end 
of cable W7 and the end of cable W10, which 
terminates in a plug, to the AN/FRA-14 as 
shown in figure 16. Tighten the coupling rings 
securely. 

c. Use plastic clamps or other nonmetallic 
binding material and fasten cables W7 and W10 
to the mounting post at several points. Be sure 
to leave some slack in the cables. 

d. Bring the ends of cables W7 and W10 up 
to the same point on the side of the skid where 
the ends of the powerline and control line are 
located. Use cord or wire and tie the ends of the 
two lines and two cables tightly together. 

e. To permit entry of the lines and cables into 
the shelter, a 4-inch diameter access hole has 
already been cut in the plywood top of the skid 
(par. 7 and fig. 10). Obtain a 10-foot length of 
#16 AWG solid wire or other strong flexible 
material to be used as a guide wire to draw the 
lines and cables into the shelter. From inside 
the shelter, run one end of the guide wire down 
through the access hole and out under the skid 
to the point where the tied ends of the lines and 
cables are located. 

f. Fasten the guide wire securely to the tied 
ends of the lines and cables. Pull the guide wire 
back through the access hole until the ends of the 
lines and cables can be reached through the 
access hole. Pull the lines and cables into the 
shelter and coil them out of the way at the base 
of the antenna pedestal. 


18. Cabling and Connections 


All interunit cabling and connections are shown 
on the cording diagram (fig. 16). Connect the 
equipment within the shelter first, then connect 
the equipment at the remote control point. Refer 
to the cording diagram and make the connections 
as instructed in paragraphs 19 through 25. 


19. Equipment Cabinet Connections 
(fig. 16, contained in separate envelope) 
a. Electrical Equipment Cabinet CY-2274/ 
FRN-22A. 
(1) Connect the plugs on the cabinet wiring 
to the receptacles on the components in 
the cabinet. 


(2) Connect the cabinet wiring to terminal 
board TB1901 on the meter panel. 

(3) Install the plate caps on tubes V4 and 
V5 in the No. 1 and No. 2 AM-1246/ 
FRN-20. 

(4) Connect wires from branched wiring 
harness W19 to cabinet terminal boards 
TB1903 through TB1908 and _ standoff 
terminals E1901, E1902, E1905, and 
E1906. Use the extra clamp attached 
to the terminal board mounting plate 
and fasten the upper portion of W19 to 
the mounting plate. 

(5) Three #14 AWG wires emerge from the 
flexible power conduit into the cabinet. 
Cut these wires to the proper length, 
strip back the insulation, and connect 
them to the cabinet ground screw and 
terminal board TB1909. 

b. No. 1 Electrical Equipment Cabinet CY- 
1899/F RN-22. 

(1) Connect the plugs on the cabinet wiring 
to the receptacles on the components. 

(2) Connect RF cables W13, W14, and W15 
between the components and between the 
top of the cabinet and components. 

(3) Connect the cabinet wiring to terminal 

board TB1 and standoff terminal E1 on 
the PP-1331/FRN-20. 
Connect the wires from branched wiring 
harness W19 to cabinet terminal boards 
TB1801 and TB1802 and standoff termi- 
nals E1801 and E1802. 

(5) Two blue wires with plate caps on the 

ends emerge from the rear of Power 
Supply PP-1329/FRN-20. Connect the 
caps to cabinet standoff insulators E1801 
and E1802. 

(6) Six #14 AWG wires emerge from the 
flexible power conduit in the cabinet. 
Only five of these wires are used. Cut 
the five wires to the proper length, strip 
back the insulation, and connect them to 
the cabinet ground and terminal board 
TB1803. 

c. No. 2 Electrical Equipment Cabinet CY- 
1899/F RN-22. Use the procedure outlined in 6 
above. The RF cables are W16, W17, and W18. 

d. Electrical Equipment Cabinet CY¥-1897/ 
FRN-22. 

(1) Connect the plugs on the cabinet wiring 
to the receptacles on the components. 
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(2) Connect power cables W6, W8, W9, 
W11, and W12 between the cabinet ac 
outlet strip and the components. 

(3) Connect the cabinet wiring to terminal 
board E201 on the C-1738/FRN-20. 

(4) Connect the cabinet wiring to terminal 
board TB501 on the No. 1 and No. 2 
keyers. 

(5) Connect the cabinet wiring to terminal 
board TB1202 on the PP-1415/FRN-22. 

(6) Connect jumper wire W23 between ter- 
minal 4 of cabinet terminal board TB801 
and terminal 9 of cabinet terminal board 
TB802. 
Connect the wires from branched wiring 
harness W19 to cabinet terminal boards 
TB801 through TB804. 
Eight #14 AWG wires emerge from 
one of the flexible power conduits in the 
cabinet. Cut the wires to the proper 
length, strip back the insulation, and 
connect them to the cabinet ground and 
terminal boards TB801, TB802, and 
TB805. 
Three #14 AWG wires emerge from one 
of the flexible power conduits in the 
cabinet. Cut the wires to the proper 
length, strip back the insulation, and 
connect them to terminal board TB1 at 
the rear of the voltage regulator. 

(10) Insert handset HS2 plug into the 
MONOPHONE receptacle on the front 
panel of the C-1788/FRN-20. Hang the 
handset on the bracket on the right side 
of the cabinet. 
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20. Connection of Telephone Control Line 
and Antenna Group AN/FRA-14 
Cables 

(fig. 16, contained in separate envelope) 


a. Uncoil the two lines and two cables which 
enter the shelter through the access hole in the 
skid and untie the ends. 

b. Coil the main powerline and leave it at the 
base of the antenna pedestal. Insert the ends of 
the telephone control line and cables W7 and 
W10 through the porcelain bushing in the lower- 
right side of the CY-1897/FRN-22. 

c. Run RF cable WY straight up against the 
side of the-cabinet and behind the power cables 
and cabinet wiring already connected to the com- 
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ponents. Connect the W7 cable plug to receptacle 
J1 on the monitor. 

d. Run power cable W10 against the side of 
the cabinet in the same manner as cable W7 (c¢ 
above). Cable W10 is to be terminated in plug 
P401 which will be found inserted in receptacle 
J405 on RE-247/FRN-22. Cut cable W10 so 
that it will reach receptacle J405 and still have 
several inches of slack. 

e. Remove plug P401 from receptacle J405. 
Strip back the insulation from the ends of the 
cable wires and attach plug P401 to the cable. 
Insert plug P401 into receptacle J405. 

f. Cut the telephone control line to the proper 
length to reach terminals 1 and 2 of cabinet 
terminal board TB804 and still have several 
inches of slack. Strip back the insulation from 
the ends of the wires and connect them to termi- 
nals 1 and 2 of TB804. 


21. Connection of RF Cables to Antenna 
Relay Assembly 


(fig. 16, contained in separate envelope) 


a. Three RF cables from the antenna emerge 
from the access hole at the rear of the antenna 
pedestal. Connect 14-inch RF cable W5 to the 
end of the antenna RF cable which terminates in 
a plug that is not marked with a color. 

6. Connect the three RF cables to receptacles 
J1004, J1007, and J1010 on the antenna relay 
assembly mounted on the antenna pedestal. 

c. Connect 60-inch RF cables W138, W14, and 
W15 from receptacles J1801, J1802, and J1803 
on the No. 1 CY-1899/FRN-22 to receptacle 
J1005, J1008, and J1011 respectively, on the an- 
tenna relay assembly. To remove the weight of 
the cables from the bends at the termination 
points, clamp or lash the three cables to the near- 
est roof stiffener. 

d. Connect 60-inch RF cables W16, W17, and 
W18 from receptacles J1801, J 1802, and J1803 
on the No. 2 CY-1899/FRN-22 to receptacles 
J1003, J1006, and J1009 respectively, on the an- 
tenna relay assembly. To remove the weight of 
the cables from the bends at the termination 
points, clamp or lash the three cables to the 
nearest roof stiffener. 


22. Ground Connection 
(fig. 16, contained in separate envelope) 


A #10 AWG wire emerges from the porcelain 
bushing at the bottom of the convenience outlet 
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box mounted on the antenna pedestal. A ground 
rod clamp is attached to this wire. Cut the wire 
to the proper length to reach the ground rod 
which was driven through the access hole in the 
skid. Strip back the insulation on the wire. In- 
sert the wire between the ground rod and the 
ground rod clamp, and tighten the clamp bolt 
securely. 


23. Antenna Heater and Aircraft Obstruc- 
tion Marker Light MX—1919/FRN—22 


Cable Connection 
(fig. 16, contained in separate envelope) 


a. The antenna heater and obstruction light 
cables emerge from the access hole at the rear of 
the antenna pedestal. The two cables are to be 
connected inside the lower circuit breaker box 
through the box connectors shown in figure 3 of 
TM 11-5825-205-12. Remove the front cover of 
the lower circuit breaker box. 

6. Bring the rubber covered antenna heater 
cable around the pedestal to the box connector 
on the right of the circuit breaker box as viewed 
from the front. Strip back the outer cover of 
the cable far enough to permit the lugs on the 
two cable wires to reach the correct terminals 
inside the circuit breaker box. 

c. Loosen the clamp on the box connector. 
Taper the outer covering of the cable with a sharp 
knife or razor blade until it will fit through the 
connector. 

d. Insert the two cable wires and tapered end 
of the cable through the connector. Tighten the 
connector clamp. 

e. Connect the cable wires. 

f. Bring the shield-braid covered obstruction 
light cable around the pedestal to the box con- 
nector on the left of the circuit breaker box as 
viewed from the front. Loosen the clamp on the 
box connector and insert the cable through the 
connector. 

g. Connect the cable wires. Tighten the cable 
clamp. 

h. Replace the front cover on the circuit 
breaker box. 


24. Propeller Ventilating Fan HD-244/ 
FRN-—22 and Main Powerline Connec- 
tions 

(fig. 16, contained in separate envelope) 


a. Both the shelter blower and the main power- 
line connect inside the upper circuit breaker box 


on the antenna pedestal. Remove the front cover 
of the upper circuit breaker box. 

b. The 90° connector on the end of the flexible 
conduit from the shelter blower fastens through 
a 34-inch knockout on the lower right side of the 
circuit breaker box as viewed from the front 
(fig. 8). Use a hammer and punch to remove 
the knockout. 

c. Remove the locknut from the 90° connector. 
Insert the threaded portion of the connector and 
the ends of the inclosed wires through the knock- 
out in the circuit breaker box. Replace the lock- 
nut on the connector and tighten it securely. 

d. Cut the wires to the proper length to reach 
the correct terminals inside the circuit breaker 
box. Strip the insulation from the ends of the 
wires and connect them to the proper terminals. 

e. Run the main powerline cable through a 
flexible conduit from the access hole in the skid 
to the upper circuit breaker box on the antenna 
pedestal. Entry to the circuit breaker box should 
be made through a 90° connector. Because of 
variations in sizes and types of powerlines used, 
the flexible conduit and connector are not supplied 
as a part of the omnirange set. Use a hammer 
and punch to remove the knockout on the lower- 
left side of the circuit breaker box. Be sure the 
knockout removed is of the proper size to clear 
the 90° connector. 

f. Insert the powerline wires through the flex- 
ible conduit of the proper length. Feed the wires 
through the connector and fasten the connector to 
the end of the conduit. 

g. Remove the locknut from the connector. 
Insert the threaded portion of the connector and 
ends of the powerline wires through the knockout 
in the circuit breaker box. Replace the locknut 
on the connector and tighten it securely. 

h. Cut the powerline wires to the proper length 
to reach the correct terminals inside the circuit 
breaker box. Strip the insulation from the ends 
of the wires and connect the wires to the proper 
terminals. 

z. Replace the front cover on the circuit breaker 
box. 


25. Connections at Remote Control Point 
(fig. 16, contained in separate envelope) 

a. Open the lid of the CY-1826/FRN-20. 
Bring the telephone control line inside the cabi- 
net through the opening at the rear. 

b. Cut off the ends of the control line to the 


proper length, strip back insulation, and connect 
the wires to terminals 1 and 2 of E501. 

c. Connect a wire from earth ground to termi- 
nal 10 of terminal board E501. 

d. Connect power cable W22 to the receptacles 
on the remote control unit and AM-1247/FRN- 
20. Do not connect power cable W22 to an ac 
outlet at this time. 

e. Close the lid on the remote control cabinet. 

f. Connect handset plug HS1 to the MONO- 
PHONE receptacle. Connect microphone MK1 
plug to the MICROPHONE receptacle. 


26. Cable and Wiring Check 


After installation and before applying power 
to the equipment, check as follows to see that the 
omnirange set has been properly cabled for opera- 
tion. 

a. See that all cables are installed and con- 
nected to the proper receptacles on each com- 
ponent according to the cording diagram (fig. 
16, contained in separate envelope). 

b. Be sure that all cables, especially the RF 
cables, are free from sharp bends and are placed 
to prevent contact with surfaces which may cut 
or damage the insulation. 

c. At each component, see that all plugs and 
receptacles mate properly and that all plug cou- 
pling rings are tightened securely. 

d. Be sure that all wires from two-conductor 
cables, wiring harnesses, and flexible conduit 
make correct entrance to the connection points 
and are securely connected to the proper terminal 
board terminals according to color coding shown 
in the cording diagram (fig. 16, contained in sepa- 
rate envelope). 

e. Connections at the remote control point 
between the remote control unit and the AM- 
1247/F RN-20 have been made at the factory and 
are Shown in the cording diagram (fig. 16, con- 
tained in separate envelope). Check these connec- 
tions against the following table: 


Connection points 


Cable No. 
Audio Frequency 
Radio Set Control] C-1739/F RN-20 Amplifier AM- 
1247/F RN-20 
W 20 See Terminals 3 and 4 of E501____| J1. 
WWD eee ae Black wire to terminal 10 of | J2. 


E591. Remaining two 
wires to terminals 5 and 6 
of E501. 
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27. Installation of Tubes and Thermal 
Relays 


With the exception of the large glass-envelope 
tubes and a single tube-type thermal relay, the 
components are shipped with tubes and thermal 
relays installed. The thermal relay and tubes 
that are not already installed are shipped in the 
container with the component to which they be- 
long. Directions for the temporary safekeeping 
of these tubes and relay until they can be in- 
stalled are given in paragraph 3. Except for the 
AM-1247/FRN-20 and AN/FRA-14, all com- 
ponents which require tubes are located inside 
the shelter (fig. 2, TM 11-5825-205-12). The 
AM-1247/FRN-20 is located at the remote con- 
trol point. The AN/FRA-14 is mounted on a 
post approximately 100 feet from the shelter. 
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The components which require thermal relays 
are also located within the shelter. Install or 
check the installation of tubes and thermal re- 
lays as follows: 

a. The locations of tubes in the goniometer are 
shown in figure 17. Check both goniometers to 
see that all tubes are firmly in place and covered 
by tube shields. 

6. Locations of tubes in the modulation elimi- 
nator are shown in figure 18. On both modula- 
tion eliminators, remove the shield cover which 
incloses V1. Be sure that V1 is firmly in place 
and the plate cap installed. Replace the shield 
cover. See that V3 is firmly in place and covered 
by a tube shield. Install V2 and V4. 

c. Locations of tubes in the transmitter are 
shown in figure 19. Install V7 and V8 and place 
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Figure 17. Electrical Goniometer GO-12/FRN-20, tube and control locations. 
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Figure 18. Modulation Eliminator MX-1843/FRN-20, tube and control locations 
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Figure 19. Radio Transmitter T-573/FRN-20, tube and crystal locations. 
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a tube cap on each tube in both transmitters. 
See that all other tubes are firmly in place, that 
there are caps on V3 and V4, and that V5 and 
V6 are held in place by spring retainers. 

d. Locations of tubes and the thermal relay in 
the PP-1331/FRN-20 are shown in figure 20. 
Install V1, V2, V3, and V4 in both units. Place 
caps on V1 and V2. See that thermal relay S3 
is firmly in place. 

e. Locations of tubes and the thermal relay in 
the PP-13829/FRN-20 are shown in figure 21. 
Install V1401, V1402, V14038, and thermal relay 
$1401 in both units. Plate caps are located on 
the ends of the two yellow high-voltage leads. 
Place one plate cap on V1401 and the other on 
V1402. 

f. Locations of tubes and the thermal relay in 
the O-871/FRN-20 are shown in figure 22. In- 
stall tube V904 in both units. See that all other 
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Figure 20. 
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tubes are firmly in place and covered by tube 
shields. See that thermal relay K902 is firmly 
in place. 

g. Locations of tubes in the AM-1246/FRN-20 
are shown in figure 23. Install V1, V2, V3, V4, 
and V5 in both units. Lock the tube clamps 
around the bases of V4 and V5. Place the plate 
caps with brown leads (E1801 and E1802 in the 
CY-1899/FRN-22, fig. 16) on V4 and V5. 

h, Locations of tubes in the monitor are shown 
in figure 24. Install V10. See that all other 
tubes are firmly in place, that all tubes except 
V10, V20, V21, and V22 are covered by tube 
shields, and that V20, V21, and V22 are held in 
place by spring retainers. 

z. Locations of tubes and the fuse in the O-373/ 
FRN are shown in figure 25. On both O-373/ 
FRN oscillators, install V3. See that V1, V2, 
and Fl are firmly in place. 
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Power Supply PP-1331 /FRN-20, tube, control, and thermal relay locations. 
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Figure 21. Power Supply PP-1329/FRN-20, tube, fuse, and thermal relay locations. 
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Figure 22. Audio-Frequency Oscillator O-371/FRN-20, tube, fuse, and thermal relay locations. 
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Figure 23. Audio-Frequency Amplifier AM-1246/FRN-20, tube locations. 
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Figure 24. Course Monitor MX-1837/FRN—-20, tube locations. 
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Figure 25. Audio-Frequency. Oscillator O-373/F RN, tube, fuse, and control locations. 
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Figure 26. Audio Frequency Amplifier AM-1247/FRN-20, tube, fuse, and control locations. 
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Figure 2%. Antenna Group AN/FRA-14, tube and control locations. 
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Figure 28. Radio Set Transfer Control C-1840/F RN-22, thermal relay and fuse locations. 


7. Locations of tubes and fuses in voltage regu- 
lator are shown in figure 269. See that V1, V2, 
F1, F2, and F3 are firmly in place. 

k. Locations of tubes and the fuse in the AM- 
1247/FRN-20 are shown in figure 26. See that 
all tubes and the fuse are firmly in place. 

1. Location of the single tube, V1, in the 
AN/FRA-14 is shown in figure 27. Check to see 
that this tube is firmly in place and covered with 
a tube shield during the initial adjustments 
(par. 48). 

m. Location of the termal relay and fuse in the 
C-1840/FRN-22 is shown in figure 28. Remove 
the two screws that hold the cover in place. 
Remove the cover and see that thermal relay 
K606 and F601 are firmly in place. Replace the 
cover and fasten it in position with the screws. 


28. Installation of Crystals and Fuses 


Each transmitter is shipped without crystal Y1 
installed. Instructions for installation are given 
in a below. All components which require fuses 
are shipped with the fuses installed. Because 
equipment failure often results from the use of 
fuses other than those specified, each fuse holder 
should be checked to see that it contains the proper 
fuse. Fuse data necessary to make this check are 
contained in 0 below. 

a. Orystals. Crystal Y1 plugs into crystal 
socket K1 on the transmitter as shown in figure 
19. The frequency of crystal Y1 will be one- 
fourth of the transmitter frequency used and will 
always be within the frequency range of 27 to 
29.5 megacycles (mc). Install a crystal of the 
proper frequency in both transmitters and make 
sure that it is held firmly in place by the re- 
tainer spring. 


b. Fuses. Check all fuses except the fuse for 
each equipment cabinet blower. Cabinet blower 
fuses will be checked during the installation of 
the blowers (par. 29). The table on following 
page shows the locations and values of all fuses. 


29. Installation of Cabinet Blowers 
(fig. 35) 

The installation of a blower on each of the four 
equipment cabinet doors can be done most easily 
by two men working outside the shelter. Per- 
form the operations outlined below. 

a. Have one man hold the door upright while 
the second man installs the blower. The blower 
is fastened to the inside of the cabinet door with 
hardware when shipped from the factory. Re- 
move the blower from the door. 

b. A cloth bag containing a cable clamp, an 
ac plug, and mounting hardware is fastened to 
the blower cable inside the blower housing. Re- 
move the bag and empty it. From the outside 
of the cabinet door, insert the end of the blower 
cable through the rubber grommet in the cabinet 
door. Fasten the blower to the outside of the 
door with the No. 8 by %4-inch sheet metal screws 
and lockwashers provided. Fasten the blower 
cable to the door with the cable clamp and hard- 
ware. 

c. Unscrew the two sections of the ac power 
plug. Slip the top section of the plug over the 
end of the blower cable. Connect the blower 
cable wires to the terminals on the bottom section 
of the plug. Bend the lugs on the cable wires 
so that the two sections of the plug can mate 
properly. Screw the two sections of the plug 
together. 
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Component 


Electrical Equipment Cabinet CY—1899/FRN-22___-_-_--- 
Electrical Goniometer GO-12/FRN-20_------------------ 
Modulation Eliminator MX-12843/FRN-20_____-_--------- 
Power Supply PP-1331/FRN-—20.-- 2. Sao eaten ean eee 


Power supply’ PP-1329/F RN-20.20 = 25. 22 ee ee 


Electrical Equipment Cabinet CY-2274/FRN-22A______-_- 
Audio Frequency Oscillator O-371/FRN-20______.-.------ 


Electrical Equipment Cabinet CY-1897/FRN-22_________- 
Radio Set Transfer Control C-1840/FRN-22____________-_- 
Course Monitor MX-1837/FRN-20___.__.__--_---------- 
Relay Assembly RE-247/FRN-22___...._.__._____-_-_--- 
Audio Frequency Oscillator O-373/FRN _-__--------------- 
Keyer Ky-175/F RIN. t¢e. 3. 2 pa ee ee oe eee 
Power Supply PP-1415/FRN-22_ 0.0. See eee 


Voltage Regulator CN-358/FRN-22___.._._._...__------- 


Propeller Ventilating Fan HD-244/FRN-22_______________ 
Radio Set Control C-1739/FRN-20_..._-...---2--..----- 
Audio Frequency Amplifier AM-1247/FRN-20____.__--_-- 


Fuse symbol | Rating (amp) Reference 
(fig. No.) 
SS ie Li See MO a Fl 3 29 
IS Ne: REE, Se) i Fl .8 30 
2s Saye Re ee 2. es Fl 1 31 
553 Se RR pe. CUS ReaD 2 Fil 10 242 
F2 10 242 
F3 .5 242 
F4 iO: 242 
F5 . 15 242 
tos ar Rs se F1401 is 21 
F1402 5 21 
F1403 3 21 
F1404 3 21 
F1405 1 21 
F1406 1 21 
F1407 .3 21 
F1408 3. 2 21 
F1409 3. 2 21 
F1410 . 5 239 
F1411 .5 239 
Ps Baa ng 2 Fl 3 29 
L1806 A ae Se F901 5 22 
F902 .5 22 
oS. 3 3 ee Fl 3 29 
a iret ps F601 , 25 28 
moe ee eee Fl 1.5 217 
eA. See eee ee F401 1 263 
Me raritenae POs cyrus Lest Fl 2 25 
see eee F501 15 235 
Bee Puree ee Oy F1201 2 245 
F1202 5 245 
{eee ee ee eee Fl 3 269 
F2 3 269 
F3 3 269 
F4 1 34 
F5 1 34 
2b ne es F1001 5 8 
MD Se a ee F501 1 222 
aii hd Fl 2 210 


d. On each cabinet, count the number of inter- 
lock receptacles in the upper right-hand corner 
of the door opening. Find a door with an equal 
number of mating interlock plugs. Mount the 
door on the cabinet hinge pins. 

e. Insert the plug on the end of each blower 
cable into the receptacle mounted just inside the 
cabinet door opening and adjacent to the lower 
door hinge. Close each cabinet door. Be sure 
that the interlock plugs and receptacles mate 
properly and the door is tightly closed. 
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f. Check the fuse for each cabinet blower to 
see that it has the correct value (par. 286). The 
blower fuse for each cabinet is located inside 
the blower housing (fig. 29). To gain access to 
the fuse, loosen the four quick-action fasteners 
which hold the cover on the blower housing and 
remove the cover and air filter (fig. 29). Replace 
the filter in the blower housing with the arrows 
on its side pointing toward the blower. Replace 
the cover on the blower housing and tighten the 
fasteners, 
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Figure 29. 


Typical electrical equipment cabinet, fuse location. 
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Figure 30. Electrical Goniometer GO-12/FRN-20, fuse and control locations. 
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Figure 30—Continued. 
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Figure 31. Modulation Eliminator MX-1843/FRN-20, fuse and control locations. 
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Figure 32. Course Monitor MX-1837/FRN-20, fuse, control, and indicator locations. 
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Figure 33. Keyer KY-175/FRN, fuse and code and cycle wheel locations, | 
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Figure 34. Voltage Regulator CN-358/FRN-22, fuse, control, and indicator locations. 
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Cabinet blower installation diagram. 


INITIAL ADJUSTMENT OF EQUIPMENT 


Note. The procedures described in this section should be performed by a field radio repairman. 


30. Extent of Initial Adjustments 


Before the omnirange set can be used for rou- 
tine operation, the procedures outlined in para- 
graphs 32 through 60 must be performed. When 
the assigned operating frequency is changed, per- 
form the antenna tuning procedure (par. 33), 
transmitter tuning procedure (par. 39), 
AN/FRA-14 tuning procedure (par. 43), modu- 
lation level adjustments (pars. 45 and 46), moni- 
tor adjustments (pars. 48-54), level discrepancy 
adjustments (par. 56), final adjustments (par. 


48 


57), flight check (par. 58), and commissioning 
the station (par. 60). 


31. Tools and Test Equipment Required 


Tools, test equipment, and miscellaneous test 
items required are listed below. The tools and 
materials contained in Tool Equipment TE-113 
are listed in Department of the Army Supply 
Manual SIG 6 TE-1138. 

a. Tools. One Tool Equipment TE-113. 

b. Test Equipment. 


a 


Nomenclature Common name Manual 
Multimeter Multimeter-_--- TM 11-6625- 
ME-77/U. 203-12 
Radio Frequency Wattmeter___-.| TM 11-5133 
Wattmeter 
AN/URM-43A. 
Audio Oscillator Audio TM 11-2684A 
TS-382A/U. Oscillator. 
Electronic iby. eee TM 11-5511 
Multimeter, 
TS-505/U. 
Oscilloscope, Du Oscilloscope----- 
Mont Model 
2559A. 
6 ————————— 
c. Miscellaneous Test Items. 
ow ee 
Quan- Item Common name 


tity 


2 | Safety door switch (cap | Interlock jumper 
portion), Bryant Electric plug. 
Company No. 4600A. 

1 | Three-foot length of RG— 
8/U coaxial cable termi- 
nated at each end in a 
UG-21D/U plug. 

1 | Ten-foot length of RG- 
8/U coaxial cable termi- 
nated at one end in a 
UG-21D/U plug. 

1 | Resistor, 500-ohm, 2-watt_-| Dummy load 
resistor. 


Wattmeter test 
cable. 


Oscilloscope test 
cable. 


|. e al 


32. Preparation for Adjustments 


Make the preliminary control settings and ad- 
justment preparations described below before 
starting the initial adjustment procedure. Oper- 
ating controls are listed and described in para- 
graph 38, in TM 11-5825-205-12. 

a. Antenna Pedestal. The locations of circuit 
breakers and autotransformer T1001 on the an- 
tenna pedestal are shown in figure 201. 

(1) Set all circuit breakers on the antenna 
pedestal to OFF. 

(2) Remove the eight screws that hold the 
cover plate in place on the right side of 
autotransformer T1001 and remove the 
cover plate. 

Warning: Dangerous voltages exist 
on the terminals of autotransformer 
T1001 when circuit breaker K1001 is at 
ON. Recheck circuit breaker K1001 
to be sure that it is at OFF. 


(3) Observe the connections to the trans- 
former terminals. A blue wire and a 
black wire should connect to one termi- 
nal marked “230.” A red wire and a 
yellow wire should connect to the other 
terminal marked “230.” An orange wire 
should connect to the terminal marked 
“0,” Jf connections have not been made 
as described, make the proper connec- 
tions at this time. 

(4) Replace the transformer cover plate and 
fasten it in position with the screws. 

b. Electrical Equipment Cabinet CY—-1897/ 
FRN-22. The locations of individual components 
in the CY-1897/FRN-22 are shown in figure 2, 
TM 11-5825-205-12. 

(1) Set the ON-OFF switch on the monitor 
(fig. 82) to OFF. 

(2) On the RE-247/FRN-22 (fig. 262), set 
the EQUIPMENT NO. 1 and EQUIP- 
MENT NO. 2 OPERATE switches to 
460A, and the EQUIPMENT NO. 1 and 
EQUIPMENT NO. 2 TEST switches to 
OFF. 

(3) Set the circuit breaker on the voltage 
regulator (fig. 84) to OFF. 

(4) Open the rear door of the cabinet and 
turn R15 (fig. 25) at the rear of each 
O0-373/FRN to the full counterclockwise 
position. Be sure to close the door 
tightly. 

c. Electrical Equipment Cabinet CY-1899/ 
FRN-22. The locations of individual compo- 
nents in each CY-1899/FRN-22 are shown in 
figures 2 and 3 of TM 11-5085-205-12. 

(1) Turn the MODULATION GAIN con- 
trol on each transmitter (fig. 36) to the 
full counterclockwise position. On all 
transmitter tuning controls which have a 
white dot on the end of the shaft, set 
the control so that the white dot is in 
the 12 o’clock position. 

(2) Set the ON-OFF switch on each PP- 
1331/FRN-20 (fig. 242) to off. 

(3) Open the rear door of the cabinet and 
turn IDENTIFICATION LEVEL con- 
trol R17 and SUB-CARRIER LEVEL 
control R18 on each goniometer ((1) 
fig. 30) to the full counterclockwise posi- 
tion. Be sure to close the door tightly. 

d. Electrical Equipment Cabinet CY-8274/ 
FRN-22A. The locations of individual com- 
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ponents in the CY-2274/FRN-22A are shown in 
figure 3, TM 11-5825-205-12. 

(1) On each O-371/FRN-20 (fig. 37), turn 
the OSC FREQ control to the center of 
its range and the REGULATOR control 
fully clockwise. 

(2) On each AM-1246/FRN-20 (fig. 38), 
turn the LEVEL control fully counter- 
clockwise, and the OVERLOAD CON- 
TROL fully clockwise. 

(3) Open the door of the cabinet and re- 


METER 


406A2 TRANSMITTER 


move thermal relay K902 from each 
O-3871/FRN-20 (fig. 22). Be sure to 
close the door tightly. 

e. Electrical Equipment Cabinet CY-1826/ 
FRN-20. The locations of individual compo- 
nents in the remote control cabinet are shown in 
figure 6, TM 11-5825-205-12. 

(1) Place the ALARM SELECTOR in the 
down position. 

(2) Connect the power cable to a 115-volt 
ac power source. 
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Figure 36. Radio Transmitter T-573/FRN-20, control locations. 
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Figure 87. Audio-Frequency Oscillator O0-371/F RN-20, control locations. 
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Figure 88. Audio-Frequency Amplifier AM-1246/FRN-20, control locations. 


33. Tuning Adjustments on Antenna 
AT—669/FRN—22 


Normally, when the transmitter frequency to 
be used is known, the antenna is completely ad- 
justed at the factory. If the transmitter fre- 
quency to be used is unknown prior to shipment, 
the necessary tuning adjustments must be made 
in the field. Perform the operations outlined 
below. 

a. All tuning adjustments are located inside 
the antenna (figs. 41-43). To reach the adjust- 
ments, remove the screws which hold any two 
opposite radomes in place and remove the 
radomes. 

b. A typical antenna tuning chart is shown in 
figure 40. This type of chart accompanies each 
antenna and includes all the data for the adjust- 
ment of that antenna. Note that the chart is 
divided into two frequency ranges; one for the 
range between 108 megacycles (mc) and 112 me, 
and the other for the range between 112 me and 
118 me. In the following adjustment procedure, 
an example setting will be given for each adjust- 
ment. These settings are taken from the tuning 
chart (fig. 40) and are based on a transmitter 
frequency of 112.5 me. 

Caution: Do not use the example settings in 
the following procedure to adjust any antenna. 
These settings and the typical tuning chart are 
to be used as a guide only. Refer to the tuning 
chart which accompanies the antenna for the 


actual adjustment settings to be made. Under 
no circumstances should any adjustments 
other than those described in c through i be- 
low be made in the field. Loosening the screws 
which hold the dielectric strip between the 
slots will disturb the precise alinement of the 
slot loading fins and require recalibration of 
the antenna at the factory. 

c. Note the positions of slot tuning inductance 
Li and slot tuning capacitor C3 (fig. 41). These 
two adjustments are in the upper portion of the 
antenna, and are identified with the word “upper” 
on the tuning chart. 

d. Slot tuning inductance Li is mounted on 
eight parallel bars which are arranged in pairs. 
One bar of each pair has a calibrated scale. The 
correct setting for slot tuning inductance L1 is 
shown along the top edge of the tuning chart. 
Note that on the tuning chart (fig. 40) this set- 
ting is 2.6 for 112.5 mc. Loosen the eight wing- 
nuts holding L1. Position L1 so that the upper 
edges of its clamps are at the point on the cali- 
brated bars corresponding to the setting given 
on the antenna tuning chart. Be sure that Ll 
is in a horizontal position and not tilted or 
cocked at an angle. Then tighten the wingnuts. 


Caution: During the adjustment of slot tun- 
ing capacitor C3 (e below), hold the capacitor 
with one hand to prevent it from slipping out 
and falling into the antenna pedestal when the 
clamp screws are loosened. 
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Figure 89. Antenna AT-669/F RN-22, radome locations. 


e. The correct setting for slot tuning capaci- 
tor C3 is also shown along the top edge of the 
tuning chart. On the typical tuning chart, this 
setting is 5.0 for 112.5 me. Loosen the two 
clamp screws and slide C3 either in or out until 
the proper mark on its calibrated scale is even 
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with the top of the clamp. Then tighten the 
clamp screws. 

f. Note the positions of slot tuning inductance 
L2 and slot tuning capacitor C4 shown in figure 
42. These two tuning adjustments will be found 
in the dower portion of the antenna and, there- 
fore, will be identified with the word “lower” 
on the tuning chart. 

g. The correct setting for slot tuning induct- 
ance L2 will be found on the appropriate curve 
on the lower portion of the tuning chart. On 
the typical tuning chart, this is 0.5 for 112.5 me. 
Loosen the eight wingnuts holding L2. Position 
L2 so that the lower edges of its clamps are at 
the point on the calibrated bars corresponding 
to the setting given on the antenna tuning chart. 
Be sure that L2 is in a horizontal position and 
not tilted or cocked at an angle. Then tighten 
the wingnuts. 

Caution: During the adjustment of slot tun- 
ing capacitor C4 (h below), hold capacitor C4 
with one hand to prevent it from slipping out 
and falling into the antenna pedestal when the 
clamp screws are loosened. 


h. The correct setting for slot tuning capaci- 
tor C4 will be found on the appropriate curve in 
the center of the tuning chart. On the typical 
tuning chart, this setting would be 9.3 for 112.5 
me. Refer to figure 42. Loosen the two clamp 
screws and slide C4 either in or out until the 
proper mark on its calibrated scale is even with 
the bottom of the clamp. Then tighten the 
clamp screws. 

z. The correct settings for feeder tuning capaci- 
tors Cl and C2 will be found on the appropriate 
curve on the upper portion of the tuning chart. 
On the typical tuning chart, both capacitors 
would be set to 56 for 112.5 mc. Note the loca- 
tion of feeder tuning capacitors C1 and C2 shown 
in figure 48. These two capacitors will be found 
in the lower portion of the antenna below the bot- 
tom ends of the slots. Loosen the thumbscrew 
dial locks. Set both capacitor dials so that the 
proper number is alined with the indicator mark. 
Then tighten the dial locks. 

Caution: When replacing radomes (j below), 
be very careful to see that all radome gaskets 
provide a good weather seal. Besure that each 
radome is replaced with the end marked “top” 
toward the top of the antenna. If a radome is 
not marked with the word “top,” note the end 
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Antenna AT-669/FRN-22, typical tuning chart. 
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Figure 41. 


of the radome which has a gasket the full width 
of the radome. Place this end of the radome 
toward the top of the antenna. 

j. Replace the radomes and tighten the screws 
securely. 


34. Adjustment of Voltage Regulator 
CN-—358 /FRN—22 
(fig. 34) 
Caution: Observe the meter on the front 
panel. Be sure the meter pointer is at zero. 


If necessary, use the adjustment screw on the 
meter to zero the pointer. 


a. Before starting adjustment of the voltage 
regulator, set circuit breakers K1001, K1005, 
K1007, and K1015 (fig. 201) on the antenna 
pedestal to ON. 

6. Set the circuit breaker on the front panel 
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Antenna AT-669/FRN-22, upper slot tuning adjustment locations. 


of the voltage regulator to ON. The shelter 
lights should light. The red pilot lamp should 
light and the meter should indicate some value 
of output voltage. 

c. Unscrew the protective cap on the IN- 
CREASE OUTPUT VOLTAGE control. Ad- 
just the control for an output of exactly 230 
volts as indicated by the meter. 

d. Unscrew the protective cap on the IN- 
CREASE SENSITIVITY control. Rotate the 
control in a clockwise direction to the point at 
which the regulator hunts (motor operates con- 
tinuously). Turn the control approximately 1% 
turn counterclockwise until the regulator stops 
hunting. The optimum setting for this control 
can best be determined by experience with each 
individual installation. 

é. Replace the protective caps on both con- 
trols. 
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Figure 42. Antenna AT-669/FRN-22, lower slot tuning adjustment locations. 


Note. Check the voltage output reading on the meter 
of the voltage regulator as load changes occur due to 
additional components of the omnirange set being placed 
in operation as they are adjusted. If necessary, reset 
the INCREASE OUTPUT VOLTAGE control to main- 
tain a constant output of 230 volts ac, and reset the 
INCREASE SENSITIVITY control for the desired sensi- 
tivity as described in d above. 


35. Adjustment of Power Supply PP—1415/ 
FRN-—22 
(fig. 244, p. 351) 


The PP--1415/FRN-22 is located in the CY- 
1897/FRN-22 (fig. 2, TM 11-5825-205-12). The 


secondary of transformer T1201 has four taps 
which are connected to terminals 1, 2, 3, and 4 
on TB1201. Normally, metallic rectifier CR1201 
is connected to terminal 3 of TB1201. However, 
it is desirable to check this tap setting before 
proceeding to other equipment adjustments. 

a. Two knurled thumbscrews hold the front 
panel in place. Loosen these thumbscrews and 
remove the front panel. 

6. If the wire from metallic rectifier CR1201 
is not already connected to terminal 3 of TB1201, 
make the connection. 

c. Replace the front panel. 
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Figure 43. Antenna AT-669/FRN-22, feeder tuning adjustment locations. 


36. Adjustment of Dialing Circuits 


a. Set circuit breakers K1003 and K1004 (fig. 
201) to ON. 


Warning: When circuit breakers K1003 and 
K1004 are at ON, dangerous voltages exist 
within the CY-1897/F RN-22. Be careful when 
making adjustments on components in this cab- 
inet. Always use properly insulated tools and 
avoid touching exposed terminals, contacts, or 
other potential sources of high voltage. 


b. The C-1738/FRN-20 is located in the CY- 
1897/FRN-22 (fig. 2, TM 11-5825-205-12). Re- 
move the two thumbnuts and the dust cover (fig. 
246). 

c. Set the 
LOCAL. 

d. Dial 10. 

e. Check the contact arm on minor switch 
K201 (fig. 247) to see that it stops at the number 
10 contact position. Contact 10 is the end 
contact that has a wire connection. 


LOCAL-REMOTE switch to 
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f. Dial 10 several more times. Each time, 
check to see that the contact arm on K201 stops 
at the number 10 contact position. 

g. Connections to the CY-1897/FRN-22 are 
shown in figure 16. Disconnect the telephone 
control line from terminals 1 and 2 of terminal 
board TB804. 

h. Use Multimeter AN/URM-103 and measure 
the loop resistance of the telephone line. With 
the other end of the telephone line connected, 
the resistance reading will be approximately 100 
ohms greater than it is when the line wires are 
shorted together. Record the resistance reading 
so that it can be referred to by maintenance per- 
sonnel, and note whether the line was connected 
or the wires were shorted together. 

2. Reconnect the telephone control line to ter- 
minals 1 and 2 of TB804. 

j. Two knurled thumbscrews hold the front 
panel of the C-1738/FRN-20 in place. Loosen 
the thumbscrews and pull the front panel away 


from the unit. Two hangers are mounted at 
the rear of the panel (fig. 44). Hook these 
hangers over the flange on the bottom of the 
chassis to keep the panel in an operating posi- 
tion. 

k. Set the FUNCTION switch on the multi- 
meter in the DIRECT position. Measure the 
voltage across the coil in relay 0 202 (fig. 247). 
Leave the test prods connected for future adjust- 
ments. 

2. Set circuit breaker K1011 to ON (fig. 201). 


Warning: When circuit breaker K1011 is at 
ON, dangerous voltages will exist within the 
No. 1 CY-1899/F RN-22. Be careful when mak- 
ing adjustments on components in this cabinet. 
Always use properly insulated tools and avoid 
touching exposed terminals, contacts, or other 
potential sources of high voltage. 


m. Set the ON-off switch on the front panel 
of the PP-1331/FRN-20 to ON (fig. 242). 

mn. At the remote control point, the ALARM 
SELECTOR on the remote control unit should 
be in the down position (fig. 6, TM 11-5825-205- 
12). When 9 is dialed (0 below), the buzzer on 
the remote control unit will sound. Notify the 
operator at the remote point to listen for the 
buzzer. Give instructions that, when the buzzer 
sounds, the operator is to set the ALARM SE- 
LECTOR to the center position to silence the 
buzzer, wait for a signal from the omnirange 
site which will be indicated by the buzzer sound- 
ing intermittently, and then listen at the remote 
handset for instructions. 

0. Dial 9. When 9 is dialed, the No. 1 trans- 
mitting equipment is placed in a warmup con- 
dition. 

p. Set the 
REMOTE. 

q. Two sound-powered handsets (figs. 2 and 
4, TM 11-5825-205-12) provide an intercom- 
munication system between the remote control 
point and the shelter. The location of the 
RING-TALK switch is shown in figure 246. 
When the RING-TALK switch is placed at 
RING, a buzzer will sound at the remote con- 
trol point. To signal the operator at the remote 
control point, raise the RING-TALK switch to 
RING, hold in this position for about 2 seconds, 
and release. Repeat this procedure several 
times. 


LOCAL-REMOTE 


switch to 


r. After signaling the operator, hold the 
RING-TALK switch at TALK. Tell the oper- 
ator to listen at his handset for further instruc- 
tions. Be sure to hold the RING-TALK switch 
at TALK while speaking to the operator. 

s. Tell the operator to dial 9 and hold the 
dial in the cocked position until the buzzer at 
the remote point sounds intermittently. Tell the 
operator to release the dial as soon as the buzzer 
sounds. 


Warning: A potential of 100 volts ac may be 
present on resistor R201. When making the 
adjustment given in ¢ below, use an insulated 
Screwdriver and avoid coming in contact with 
R201 or other component parts. 


t. While the operator holds the dial in the 
cocked position, adjust the slide on resistor R201 
(fig. 44) to obtain an indication of 10 to 14 
volts on the multimeter across the coil of relay 
0 202 (% above). If the meter pointer goes off- 
scale to the left, turn the multimeter FUNC- 
TION switch counterclockwise to the reverse 
position. 

u. Use the RING-TALK switch and signal 
the operator to release the dial. Remove the 
multimeter leads from the coil of relay 0 202. 

v. Signal the remote control point and, using 
the handset, ask the operator to dial 9 at 30- 
second intervals. As the operator dials, check 
the contact arm on minor switch K201 (fig. 24) 
to see that it stops at the 9 contact position. 
When resistor R201 is properly adjusted, dialing 
from the remote control unit should be as posi- 
tive as dialing from the C-1738/FRN-20. If 
proper dialing action cannot be obtained from 
the remote point, readjust R201 to slightly in- 
crease the voltage on the coil of relay 0 202. 
Do not exceed the 14-volt maximum. 

w. Notify the operator at the remote point 
when the proper dialing action is obtained. Tell 
the operator to expect the buzzer to sound when 
10 is dialed (« below), and when this occurs, 
to set the ALARM SELECTOR to the down 
position to silence the buzzer. 

w. Dial 10 to turn the transmitting equipment 
off. 

y. Replace the dust cover at the rear of the 
C-1738/FRN-20. 

2. Replace the front panel and place the 
LOCAL-REMOTE switch at LOCAL. 
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Figure 44. Radio Set Control C-1738/FRN-20, front panel removed. 


37. Adjustment of No. 1 Transmitting 
Equipment 

Note. The No. 1 transmitting equipment consists of all 
components in the No. 1 CY-1899/FRN-22, the No. 1 
O-371/FRN-20, and the No. 1 AM-1246/FRN-20 in the 
CY-2274/FRN-22A, plus the No. 1 O-373/FRN and the 
No. 1 keyer in the CY-1897/FRN-22. These components 
are all shown in figure 2 of TM 11-5825-—205-12. 

The adjustment procedures for the No. 1 trans- 
mitting equipment are outlined in paragraphs 
38 through 46. Because of the interdependence 
of various components, adjustments to the AN/ 
FRA-14 (par. 43) and AM-1247/FRN-20 (par. 
49) have been included with the adjustments 
for the No. 1 transmitting equipment. Before 
starting the adjustment procedures, disconnect 
the power cable for the remote control unit and 
the AM-1247/FRN-20 (located at the remote 
point) from the 115-volt ac power source. The 
purpose of disconnecting the power cable is to 
avoid causing alarm signals at the remote con- 
trol point as the transmitting equipment is 
adjusted. 


38. Adjustment of Power Supply 
PP—1331 /FRN—20 
(fig. 11, p. 24.) 
a. Bias Voltage Adjustment. 
(1) Open the rear door of the CY-1899/ 
FRN-22. Insert an interlock jumper 


plug into the female contacts of inter-: 


lock switch S1801 (fig. 226). Leave 
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(2) 


(3) 
(4) 


(5) 


(6) 


the cabinet door open. 

The front panel of the PP-1331/FRN- 
20 is held in place by two knurled 
thumbscrews. Loosen the thumbscrews 
and remove the front panel. 

Insert an interlock jumper plug into 
interlock switch S1 (fig. 242). 

Set the voltage range on the multimeter 
to 250 volts and the FUNCTION switch 
to DIRECT. Connect the negative lead 
to the adjustable slide of resistor R5 
and the positive lead to the chassis. 
Dial 9. The tube filaments will light 
on all components in the transmitter 
cabinet. 

Check the reading on the multimeter 
connected to resistor R5. When the 
slide on R5 is properly adjusted, the 
multimeter will indicate —100 volts. If 
the multimeter does not indicate —100 
volts, dial 10. This turns the transmit- 
ting equipment off and all tube fila- 
ments will go out. Proceed with the 
instructions given in (7) below if re- 
sistor R5 requires further adjustment; | 
otherwise perform (8) below. 


Warning: To avoid coming in contact 
with high voltages during the proce- 
dure given in (7) below, do not attempt 
to readjust resistor R5 until after 10 
has been dialed. 


(7) Loosen the screw holding the slide on 
resistor R5, move the slide slightly, and 
retighten the screw. Dial 9 and again 
check the reading on the multimeter. 
Repeat the adjustment on resistor R5 
until the multimeter indicates -—100 
volts. 

(8) After resistor R5 has been properly 
adjusted, dial 10. Disconnect the 
multimeter. 

b. Simplex Voltage Adjustment. 

(1) Disconnect the telephone control line 
from terminals 1 and 2 of terminal 
board TB804 in the CY-1897/FRN-22 
(fig. 16). 

(2) At the rear of the transmitter (fig. 16), 
remove plug P1806 from receptacle J1 
and plug P1807 from receptacle J2. 

(3) The location of terminal board TB1 at 
the rear of the PP-1331/FRN-20 is 
shown in figure 16. Use the 50-volt 
range of the multimeter and set the 
FUNCTION switch. to DIRECT. Con- 
nect the negative lead of the multimeter 
to terminal 10 and the positive lead to 
terminal 26. 

(4) Dial 9 and set the LOCAL-REMOTE 
switch to REMOTE. 

(5) Adjust resistor R9 (fig. 20) to obtain 
a 12-volt indication on the multimeter. 

(6) Set the LOCAL-REMOTE switch to 
LOCAL, and dial 10. Disconnect the 
multimeter. 

Note. Do not replace the front panel on the 
PP-1331/FRN-20. The bias voltage on re- 
sistor R5 should be rechecked (a(4) above) 
after the transmitter has been completely 
tuned (par. 39). 

(7) Reconnect the telephone control line 
to terminals 1 and 2 of terminal board 
TB804. 

(8) At the rear of the transmitter, recon- 
nect plug P1806 to receptacle J1 and 
plug P1807 to receptacle J2 (fig. 16). 


39. Tuning Adjustments on Radio 
Transmitter T-573/FRN—20 


Caution: To prevent damage to modulator 
tubes V7 and V8, which would result from op- 
erating them without plate voltage while screen 
voltage is applied, remove these tubes from the 
transmitter (fig. 19). 


a. Remove the 500-volt supply lead from the 
transmitter (fig. 16) by disconnecting plug 
P1807 from receptacle J2. 

6. Disconnect plug P18 from receptacle J1802 
on the top of the CY-1899/FRN-22 (fig. 16). 

c. Use the 60-watt range of the wattmeter and 
measure the power output of the transmitter. 
Follow the instructions given in TM 11-5133. 
Connect one end of the wattmeter test cable 
(par. 31¢) to receptacle J1802 on top of the 
CY-1899/FRN-22. Connect the other end of 
the test cable to the wattmeter. 

d. Dial 9. 

e. Transmitter tuning and adjustment con- 
trols are shown in figure 36. Press the TEST 
KEY. The TEST KEY is of the locking type 
and will apply high voltage to the transmitter 
until it is pulled out. 

f. Turn the meter switch to 1ST AMP GRID. 
Adjust the OSC PLATE tuning control for a 
maximum indication on the meter. 

g. Turn the meter switch to 2ND AMP GRID. 
Adjust the 1ST AMP PLATE tuning control 
for a maximum indication on the meter. 

h. Turn the meter switch to 2ND AMP 
PLATE. Rotate the EXCITATION CON- 
TROL fully clockwise, and adjust the 2ND AMP 
PLATE tuning control for a minimum indica- 
tion on the meter. 

z. Turn the meter switch to FINAL AMP 
GRID. Adjust the FINAL AMP GRID tuning 
control for a maximum indication on the meter. 
If the meter pointer goes off-scale, rotate the 
EXCITATION CONTROL counterclockwise 
until the pointer is on scale. 

j. Leave the meter switch at FINAL AMP 
GRID. Readjust the 2ND AMP PLATE tuning 
control for a maximum indication on the meter. 
Readjust the FINAL AMP GRID tuning con- 
trol for a maximum indication on the meter. 
Adjust the EXCITATION CONTROL for a 
10-milliampere indication on the meter. 

k. Set the ANTENNA LOADING control 
so that the white dot on the end of the shaft 
is in the 12 o’clock (maximum capacity) posi- 
tion. 

Warning: Bias voltage is present on neutral- 
izing capacitors C26 and C27. Use an insulated 
%-inch socket wrench if it is necessary to ad- 
just C26 and C27 (J below). 
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1. Rotate the FINAL AMP PLATE tuning 
control through 180°, and note any dip in the 
meter reading. If a dip occurs, neutralizing ca- 
pacitors C26 and C27 must be adjusted. Capaci- 
tors C26 and C27 (fig. 19) can be adjusted with- 
out removing the shield plate. Loosen the nuts 
which hold capacitors C26 and C27 in place. 
Adjust the position of each capacitor plate to 
change the spacing between it and the cor- 
responding plate (not the plate caps of V4). 
When no dip occurs during rotation of the 
FINAL AMP PLATE tuning control, the trans- 
mitter is properly neutralized. Tighten the nuts 
to hold the capacitor plates in place. 

m. Pull out the TEST KEY, install modula- 
tor tubes V7 and V8 (fig. 19), and connect plug 
P1807 to receptacle J2 at the rear of the trans- 
mitter (fig. 16). 

nm. Make sure the white dot on the shaft of the 
ANTENNA LOADING control is in the 12 
o’clock position. Turn the meter switch to 
FINAL AMP TOTAL, and press the TEST 
KEY. 

o. Adjust the FINAL AMP PLATE tuning 
control for a minimum indication on the meter. 
Rotate the ANTENNA LOADING control coun- 
terclockwise until the meter indicates 180 milli- 
amperes. Readjust the FINAL AMP PLATE 
tuning control for a minimum indication on the 
meter. 

p. Turn the meter switch to FINAL AMP 
GRID. Alternately adjust the FINAL AMP 
GRID tuning control and the 2ND AMP 
PLATE tuning control until a maximum indi- 
cation is obtained on the meter. Set the EXCI- 
TATION CONTROL for a meter indication of 
10 milliamperes. 


Caution: When adjusting the transmitter for 
50 watt output (q below), do not exceed a final 
amplifier total current of 220 milliamperes. 


g. Turn the meter switch to FINAL AMP 
TOTAL. Rotate the ANTENNA LOADING 
control counterclockwise until the wattmeter 
connected to receptacle J1802 (¢ above) indi- 
cates 50 watts power output. If it is not possi- 
ble to obtain a power output of 50 watts, it may 
be necessary to reposition output loop L8 (fig. 
19). Tight coupling between tank coil L7 and 
output loop L8 results in heavier loading and 
higher final amplifier total current. 
coupling has the opposite effect. 


Loose 
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ry. Pull out the TEST KEY and dial 10 to | 
turn the equipment off. 1 

s. Set the multimeter to the 250-volt scale and 
the FUNCTION switch to DIRECT. Connect 
the negative lead to the adjustable slide on re- 
sistor R5 in the PP-1331/FRN-20 (fig. 242), 
and the positive lead to the chassis. 

t. Dial 9. The multimeter will indicate —100 
volts (par. 38a). 

u. Press the TEST KEY. The multimeter 
should indicate —25 volts on the 50-volt range 
of the multimeter. 

v. If the multimeter does not indicate —25 | 
volts when the TEST KEY is pressed, dial 10 — 
and pull out the TEST KEY. Move the slide 
slightly on resistor Rd. 
the 250-volt range. 

w. Repeat the procedure given in ¢, wu, and v 
above until the multimeter indicates —25 volts 


when the TEST KEY is pressed. Dial 10 and | 


pull out the TEST KEY. 

x. Disconnect the multimeter leads from R85, 
remove the interlock jumper plug from inter- 
lock switch S1, and replace the front panel. 

y. Disconnect the wattmeter test cable from 
receptacle J1802 (fig. 16). Reconnect the RF 
cable to receptacle J1802 as shown in the figure. 


40. Adjustment of Regulated Supply for 
Electrical Goniometer Motor GO-12/ 
FRN—20 

Note. The regulated supply for the motor of the No. 1 
goniometer consists of the No. 1 O-371/FRN-20, the No. 
1 AM-1246/FRN-20, and the SB-830/FRN-22A in the 
CY-2274/FRN-22A and the No. 1 PP-1329/FRN-20 in 
the No. 1 CY-1899/FRN-22 (fig. 2, TM 11-5825-205-12). 

a. Open the rear door of the CY-2274/FRN- 
22A and insert thermal relay K902 in the O-371/ 
FRN-20 (fig. 22). Be sure to close the door 
tightly. 

6. Locations of the controls and meters on the 
meter panel are shown in figure 232. Turn the 
LINE switch to the EQUIPMENT NO. 1 po- 
sition. Turn the CURRENT switch to the 
EQUIPMENT NO. 1 AMP TOTAL position. 

ce. Dial 9, then 8. When 8 is dialed, the No. 1 
transmitting equipment is placed on the air. The 
motor on the goniometer will start and operate 
on voltage supplied by the powerline. The 
powerline frequency and voltage will be indi- 
cated on the FREQUENCY and VOLTS meters. 
After approximately 60 seconds time delay, 


Set the multimeter to | 


thermal relay K902 (fig. 22) will operate. The 
input to the goniometer motor is then connected 
to the output of the regulated supply instead of 
to the powerline. The CURRENT meter may 
give a small indication, but the FREQUENCY 
and VOLTS meters may give no indication, be- 
cause the LEVEL and OSC FREQUENCY con- 
trols are probably turned to the maximum coun- 
terclockwise positions. 


Caution: If the goniometer motor does not 
start before the VOLTS meter (d below) indi- 
cates 135 volts or the amplifier total current on 
CURRENT meter is 225 milliamperes, turn the 
LEVEL control fully counterclockwise and re- 
fer to the performance chart (par. 228c). 


d. The control locations on the O-371/FRN-20 
and AM-1246/FRN-20 are shown in figures 37 
and 38 respectively. Slowly rotate the LEVEL 
control on the AM-1246/FRN-20 clockwise un- 
til the VOLTS meter reads 110-120 volts. The 
VOLTS meter may show a fluctuation between 
the voltage at which the goniometer motor starts 
(70-90 volts) and the voltage at which the motor 
reaches synchronous speed (90-100 volts). When 
synchronous speed is obtained, the fluctuation in 
the voltage will stop. 

e. If the frequency of the main ac power 
supplied to the shelter is 60 cycles, adjust the 
OSC FREQUENCY control on the O-871/ 
FRN-20 until the FREQUENCY meter indi- 
cates 50 cycles. If the frequency of the main 
ac power is 50 cycles, adjust the OSC FRE- 
QUENCY control until the FREQUENCY 
meter indicates 60 cycles. The reason for this 
procedure is given in chapter 2. 

f. Readjust the LEVEL control for a 135-volt 
reading on the VOLTS meter. 

g. Rotate the REGULATOR control on the 
O-371/FRN-20 until the VOLTS meter indi- 
cates 115 volts. 

h. Allow the equipment to operate for a few 
minutes. Check the frequency of the O-871/ 
FRN-20 as indicated by the FREQUENCY 
meter. If necessary, readjust the OSC FRE- 
QUENCY control until the frequency deter- 
mined to be correct in e above is indicated. 

i. Rotate the OVERLOAD CONTROL on 
the AM-1246/FRN-20 counterclockwise until 
overload relay S2 (fig. 207) begins to chatter. 
Then slowly rotate the OVERLOAD CON- 
TROL clockwise until the chatter stops. 


7. Dial 10 to turn off the equipment. 

k. Dial 9, then 8 to turn the equipment on. 
When the goniometer motor circuit is transferred 
to the output of the PP-1329/FRN-20, overload 
relay S2 should not chatter if the OVERLOAD 
CONTROL is properly adjusted. 

1. If overload relay S2 does chatter, rotate the 
OVERLOAD CONTROL farther clockwise. 
Then dial the equipment off and on several times. 
If necessary, continue to rotate the OVERLOAD 
CONTROL farther clockwise until overload re- 
lay S2 does not chatter when the goniometer 
motor circuit is transferred to the output of the 
PP-1329/FRN-20. 

m. Dial 10 to turn off the equipment. 


41. Selection of Goniometer Motor Pulley 
(fig. 30) 

Two motor pulleys are shipped with each 
goniometer. One pulley is installed on the 
goniometer motor shaft, and the other one is 
taped to the housing for the frequency modula- 
tion (fm) and goniometer capacitors. The 25%- 
inch diameter pulley must be used when the 
goniometer motor is to be operated on 60-cycle 
power. The 314-inch diameter pulley must be 
used when the motor is to be operated on 50- 
cycle power. Since the operating power for 
the goniometer motor is obtained from the regu- 
lated supply, it is the output frequency of this 
supply that determines which pulley to use; not 
the frequency of the main powerline. Para- 
graph 40e gives directions for determining the 
output frequency of the regulated supply. If it 
is necessary to change pulleys to match the out- 
put of the regulated supply, follow the proce- 
dure outlined below. 

a. Loosen the motor base mounting bolts. Re- 
move the drive belt from the motor pulley. 

b. Use a No. 10 setscrew wrench to loosen the 
setscrews on the motor pulley. Remove the 
pulley from the motor shaft. 

c. Install the correct pulley on the motor shaft, 
replace and aline the drive belt, and tighten the 
pulley setscrews. 

d. Position the motor so that there is 1 inch of 
vertical play in the drive belt. Tighten the 
motor base mounting bolts. 


Caution: To prevent excessive drive belt 
wear, the drive belt and motor pulley must be 
carefully alined so that, as the goniometer 
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motor operates (e below), the drive belt will 
remain centered on the motor pulley and not 
rub against the face of either pulley flange. 


e. Dial 9, then 8. Observe the drive belt as 
the goniometer motor operates. 

f. If the drive belt does not remain centered 
on the motor pulley, dial 10. Reposition the 
goniometer motor slightly. 

g. Repeat the procedure given in e and f above 
until the drive belt is properly alined. After the 
belt is alined, dial 10. 


42. Adjustment of Keyer KY—175/FRN 
(fig. 33) 


The keyer uses two segmented wheels for repe- 
tition rate and transmission of the call letters 
for the omnirange set. Code wheel W1 contains 
the call letters and cycle wheel W2 controls the 
repetition rate of the call letters. Since the call 
letters are different for each omnirange set, it 
will be necessary to break out segments in the 
circumference of both of these wheels to provide 
the required call letters and repetition rate. In- 
structions for making the breakouts are given in 
a through 7 below. 

a. Two knurled thumbscrews hold the dust 
cover at the rear of the keyer. Loosen the thumb- 
screws and remove the dust cover. 

6. Remove the 14-20 nut, washer, and reinforc- 
ing plate which hold code wheel W1 in place. 
Remove the code wheel. 

c. Since there are 100 segments around the 
circumference of the code wheel, the total seg- 
ments used for the call letters must be less than 
this number. Calculate the number of segments 
required for the call letters based on the fol- 
lowing data: 

(1) Break out three segments for a dot. 

(2) Break out seven segments for a dash. 

(3) Leave one segment between the dots 
and/or dashes. 

(4) Leave five segments between letters. 

d. An example of code wheel breakouts is 
shown in figure 45. Note that the code wheel 
rotates clockwise, and that the call letters must 
be broken out counterclockwise around the cir- 
cumference of the wheel. Use a pair of long- 
nosed pliers to make the correct number of break- 
outs on the code wheel to correspond to the call 
letters of the omnirange set. 

e. Replace the code wheel on the shaft so that 
the call letters are broken out counterclockwise 
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as viewed from the rear of the keyer. Be sure 
the positioning pin is properly seated. Replace 
the reinforcing plate, washer, and nut. Tighten 
the nut securely. 

f. Before making breakouts in cycle wheel W2, 
it is necessary to determine the desired repeti- 
tion rate for the call letters. Figure 45 shows 
the breakouts necessary for transmitting the 
call letters once for each revolution of the cycle 
wheel. One revolution of cycle wheel W2 re- 
quires 100 seconds when the keyer motor is op- 
erated on 60-cycle ac power and 120 seconds 
when the motor is operated on 50-cycle ac power. 
If a second breakout like the one shown in figure 
45 is made on the opposite side of the cycle 
wheel, the call letters will be transmitted twice 
during each revolution. Three additional exam- 
ples of cycle wheel breakouts are shown in figure 
46. The repetition rate is indicated for each 
example. 

g. Remove the ac plug from receptacle J501 
on the keyer (fig. 16). 

h. Dial 9. The operation of the keyer motor 
can now be controlled by intermittently inserting 
the ac plug into receptacle J501. 

2. Let the motor operate until the contact 
roller on code wheel W1 is just ready to drop 
into the first breakout as shown in figure 45. 
Remove the plug from J501. 

j. Remove the 14-20 nut, washer, and rein- 
forcing plate from cycle wheel W2. If the con- 
tact roller is not seated exactly in the center 
of one of the segments on the circumference of 
cycle wheel W2, lift the roller and remove the 
cycle wheel. Turn the cycle wheel over and 
replace it on the shaft so that the contact roller 
can be brought more nearly to the center of a seg- 
ment. Leave the cycle wheel in the position 
giving the best alinement. 

k. Mark the cycle wheel segment on which the 
contact roller rests. Operate the keyer motor 
until the code wheel contact roller has just lifted 
out of the last breakout in the last letter of the 
call letters. On the cycle wheel, mark the seg- 
ment on which the contact roller is now resting. 
Do not remove any segments until instructed to 
do so later. When the two marked segments and 
the segments in between are removed, the cycle 
wheel contacts will remain closed for the com- 
plete transmission of the call letters. 


Note. Do not reverse the cycle wheel on the shaft 
after the location of the first breakout has been marked. 


CODED MESSAGE = KCK 


CYCLE WHEEL 


CODE WHEEL 


TM215-66 


ROLLERS POSITIONED FOR START OF MESSAGE. 
Figure 45. Alinement of code and cycle wheels, with typical breakouts. 


3 BREAKOUTS ON CYCLE WHEEL REPEATS MESSAGE EVERY 33 %, 
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4 BREAKOUTS ON CYCLE WHEEL REPEATS MESSAGE EVERY 25 
SECONDS (60 CYCLE), EVERY 30 SECONDS (50 CYCLE). 


6 BREAKOUTS ON CYCLE WHEEL REPEATS MESSAGE EVERY 16% 
SECONDS (60 CYCLE), EVERY 20 SECONDS (50 CYCLE), 


CYCLE WHEEL REMOVED, CONTACTS JUMPERED, REPEATS MESSAGE 
EVERY 8 '/3 SECONDS (6d CYCLE), EVERY IO SECONDS (50 CYCLE), 


CYCLE WHEEL CODE MESSAGE 


7.5 WPM 7.2 RPM 0.6 RPM 8 '/, SEC 
TM215-67 


Figure 46. Data for cycle wheel breakouts. 


1. Keep in mind the repetition rate desired, 
and mark the remaining portion of the circum- 
ference of the cycle wheel in the manner de- 
scribed in ¢ and & above. 


Caution: The breakouts in the cycle wheel 
should be just long enough for the code wheel 


to complete its call letters. Thus, at the maxi- 
mum, no more than nine segments should be 
removed for each breakout (m below). Re- 
moval of more than nine segments will allow 
the code wheel to repeat the first portion of the 
call letters. 


63 


m. When all cycle wheel breakouts have been 
marked, let the cycle wheel rotate several times 
to double check the markings. Then remove the 
cycle wheel and make the breakouts indicated. 

n. Replace the cycle wheel on the shaft. Be 
sure the positioning pin is properly seated. Re- 
place the reinforcing plate, washer, and nut. 
Tighten the nut securely. 

o. Allow the cycle wheel to rotate several 
times to see that the breakouts are correct. A 
spline-type setscrew wrench is held by a clip 
near the cycle wheel. If a slight adjustment 1s 
necessary, use this wrench to loosen the cycle 
wheel hub so that the wheel can be repositioned. 

p. Dial 10. 

q. Insert the ac plug into receptacle J501 on 
the keyer (fig. 16). 

ry. Replace the dust cover at the rear of the 
keyer chassis. 


43. Tuning Adjustment on Antenna Group 
AN/FRA-14 
(fig. 27) 

Warning: The 115 volts ac supplied to this 
equipment is present on the terminals of re- 
ceptacle J1. Be careful not to come into con- 
tact with these terminals after the bottom 
plate is removed. 


a. Remove the four screws and lockwashers 
that hold the bottom plate in place and let it 
hang free as shown in the figure. Do not dis- 
connect the cables attached to receptacle J1 and 
Jd. 

6. Use the multimeter to measure the output. 
Set the FUNCTION switch to the DIRECT 
position and use the 2.5-volt range. Connect the 
positive lead to the center terminal of receptacle 
J1. Connect the negative lead to one of the 
receptacle mounting screws. 

ec. Dial 9 then 8. 

d. Adjust capacitor C1 for a maximum direct 
current (dc) voltage indication on the multi- 
meter. 

e. Dial 10 to turn the equipment off. 

f. Disconnect the multimeter from receptacle 
J2. 

g. Hold the bottom plate in position; be sure 
that the rubber gasket is properly seated to pro- 
vide a good weather seal, and fasten the plate 
in place with the four screws and lockwashers. 
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44, Adjustment of Audio Frequency Ampli- 
fier AM—1247/FRN—20 
(fig. 26) 

a. The AM-1247/FRN-20 and the remote con- 
trol unit are mounted in the remote control 
cabinet (fig. 4, TM 11-5825-205-12). Input and 
output connections for the AM-1247/FRN-20 are 
made through terminal board E501 on the rear 
of the remote control unit (fig. 16). 

b. Remove V5 (fig. 26) from the AM-1247/ 
FRN-20. 

ce. Connect a 500-ohm, 2-watt dummy load re- 
sistor (par. 3lc) between terminals 5 and 6 on 
terminal board E501 on the rear of the remote 
control unit. 

d. Connect the output from the audio oscil- 
lator (par. 256) to terminals 3 and 4 on ter- 
minal board E501. Following the instructions 
given in TM 11-2684A and set the controls on 
the audio oscillator to obtain a 1.75-millivolt, 
1.000-cycle output. 

e. Use the vacuum-tube voltmeter (vtvm) to 
measure the output of the AM-1247/FRN-20 
across the dummy load resistor. Follow the in- 
structions given in TM 11-5511. Set the SE- 
LECTOR switch to the AC position and the 
RANGE switch to the 3V range. Connect the 
vtvm leads across the dummy load resistor or to 
terminals 5 and 6 of E501. 

f. Connect the power cable from the remote 
control cabinet (fig. 4, TM 11-5825-205-12) to 
a 115-volt ac power source. 

g. Adjust R1 to obtain an output level indica- 
tion on the vtvm of 2.45 volts ac (8 decibels 
(db) ). 

h. Replace tube V5 in its socket. 
cient time for the tube to warm up. 

7. Adjust R16 for a 1.73-volt (0 db) indication 
on the vtvm. 

j. Disconnect the power cable from the 115- 
volt. ac source. 

k. Disconnect the vtvm leads from terminals 
5 and 6 of E501. 

/. Disconnect the dummy load resistor from 
terminals 5 and 6 of E501. 

m. Disconnect the audio oscillator from ter- 
minal board E501. 


45. Modulation Adjustments of Radio 
Transmitter T-573/FRN—20 
a. Test Equipment Connections. 
(1) The oscilloscope test cable terminates at 


Allow sufhi- 


(2) 


(3 


— 


(4) 


one end in a UG-21D/U plug (par. 
31c). Remove enough insulation from 
the opposite end of the cable to permit 
the shield braid and center conductor to 
be connected to screw terminals or solder 
terminals. 

Connect the plug end of the test cable 
to the CARRIER TEST OUT recepta- 
cle on the transmitter (fig. 36). 
Connect the opposite end of the test 
cable to the vertical plate terminals on 
the oscilloscope. To make this connec- 
tion, follow the instructions contained 
in the technical manual for the oscil- 
loscope. fake certain that the vertical 
plates of the cathode-ray tube are dis- 
connected from the vertical amplifier in 
the oscilloscope. 

Connect the oscilloscope power cable to 
one of the convenience outlets on the 
antenna pedestal (fig. 3, TM 11-5825- 
205-12). Be sure that circuit breaker 
K1007 (fig. 201) is in the ON position. 


b. Voice Modulation Adjustment. 


(1) 


(2 


— 


(3) 


(4) 


Terminal board E501 is located at the 
rear of the remote control unit (fig. 16). 
Connect the output from the audio os- 
cillator and the multimeter across ter- 
minals 3 and 4 on E501. Set the con- 
trols on the audio oscillator to obtain a 
1.75-millivolt, 1,000-cycle output. 
Connect the power cable from the C- 
1739/F RN-20 and the AM-1247/FRN- 
20 in the remote control cabinet to a 
115-volt ac power source. 

Set the ALARM SELECTOR on the 
remote control unit in the down posi- 
tion. Notify the operator at the remote 
point to listen for the buzzer. When 9 
is dialed as indicated in (5) below, 
the buzzer in the remote control unit 
will sound. When the buzzer sounds, 
the operator is to set the ALARM SE- 
LECTOR switch to the center position 
to silence the buzzer, wait for a signal 
from the omnirange site which will be 
indicated by the buzzer sounding in- 
termittently, and then listen to the 
handset. 

Use the vtvm to measure the audio sig- 
nal input to the transmitter. Set the 
SELECTOR switch to the AC position 


and the RANGE switch to the 1V range. 
Connect the positive lead to terminal 3 
on TB1 and the common lead to ter- 
minal 6 on TB1 on the PP-1331/FRN- 
20 (fig. 6). 
(5) On the CY-1738/FRN-20, dial 9 and 
set the LOCAL-REMOTE switch to 
the REMOTE position. 
Signal the operator at the remote point 
(par. 36¢). 
Tell the operator to press the press-to- 
talk bar on the microphone at the re- 
mote point and use the clamp on the 
microphone stand to hold down the 
press-to-talk bar. Tell the operator to 
release the microphone press-to-talk bar 
after 10 minutes have elapsed. 


(6 


— 


(i 


— 


Note. When the press-to-talk bar on the 
microphone is pressed, the transmitter is 
keyed and the operator cannot be signaled, 
until the press-to-talk bar is released. If the 
voice modulation adjustment is not completed 
before the operator releases the press-to-talk 
bar, request the operator to again clamp the 
press-to-talk bar down for whatever period is 
considered necessary. 

Adjust IDENTIFICATION LEVEL 

control R17 on the goniometer (fig. 30) 

for an indication of 0.3 volt on the vtvm 

connected to terminal board TB1 on the 

PP-1331/FRN-20 ((4) above). 

(9) Disconnect the vtvm leads. 

(10) On the oscilloscope, set the SYNC SE- 
LECTOR to INT and the X SELEC- 
TOR to RECUR SWEEP. Adjust the 
SWEEP RANGE and SWEEP VER- 
NIER controls, during the MODULA- 
TION GAIN control adjustment given 
in (11) below, to display the modulated 
transmitter carrier. 

(11) Adjust the MODULATION GAIN 
control in the transmitter (fig. 36) to 
obtain 80 +2 percent modulation of the 
transmitter carrier. The correct ratio 
for a 380 percent modulation level is 
shown in A, figure 47. 


aN 
(@ 6) 
SS 


Note. If the oscilloscope pattern is not 
large enough to observe the modulation level, 
disconnect the test cable from the oscilloscope. 
Cut off about 3 inches of the test cable, recon- 
nect the cable, and recheck the modulation 
pattern. If necessary, continue to reduce the 
length of the test cable about 3 inches at a 
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A. VOICE MODULATION OF 30 PER CENT. 


B. SUBCARRIER MODULATION OF 30 PER CENT. 


= 


C. IDENTIFICATION TONE MODULATION OF IO PER CENT. 
TM215-69 


time until a satisfactory modulation pattern = = (18) On the C-1738/FRN-20, set the LO- — 


can be observed on the oscilloscope. 


buzzer. 


(1) Remove the ac plug from receptacle J1 
on the O-373/FRN (fig. 16). This will 
prevent the output of the O-373/FRN 
from modulating the transmitter car- 
rier during the subcarrier modulation 
adjustment. 

(2) Dial 9, then 8. 

(3) Wait for the goniometer motor to be 
changed over to the output of the regu- 
lated supply. Adjust SUB-CARRIER 
LEVEL control R18 on the goniometer 
(fig. 80) for 30 +2 percent modulation 
of the transmitter carrier. The correct 
ratio for a 30 percent modulation level 
is shown in B, figure 47. 

(4) Dial 10. 

(5) Reconnect the ac plug to receptacle J1 
on the O-373/FRN. 

d. Identification (Keyed Tone) Modulation 

Adjustment. 

(1) Disconnect plug P1801 from receptacle 
J1 on the goniometer (fig. 16). This 
will remove the subcarrier modulation 
while the identification modulation ad- 
justment is being made. 

(2) Dial 9, then 8. 

(3) Remove the dust cover from the rear of 
the keyer (fig. 33). 

(4) Observe the code and cycle wheels on 
the keyer (fig. 33). When the contact 
rollers on both wheels are in the broken 
out portions, remove the ac plug from 
receptacle J501 on the keyer (fig. 16). 
This will stop the keyer motor during 
the portion of the cycle when the iden- 
tification tone is being transmitted. 
Adjust R15 on the O-373/FRN (fig. 25) 
for approximately 10 percent modula- 
tion of the transmitter carrier. The 
correct ratio for a 10 percent modula- 
tion level is shown in C, figure 47. 

(6) Dial 10. 

(7) Replace the dust cover on the rear of 
the keyer and insert the ac plug into 
receptacle J501. 

(8) Reconnect plug P1801 to receptacle J1 
on the goniometer. 

(9) Disconnect the oscilloscope test cable 
from the CARRIER TEST OUT re- 
ceptacle on the transmitter. 


(5 
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46. Variable Carrier Modulation 
Adjustment 
(fig. 32) 

a. Set the ON-OFF switch on the monitor to 
the ON position. Allow sufficient time for the 
monitor to warm up before proceeding to 0 
below. Disregard any alarm indications on the 
monitor on the fact that the pointer on the moni- 
tor COURSE RELAY meter may be off-scale. 

b. Dial 9, then 8. 

ce. Turn the monitor LEVEL switch to the 
VAR position. 


Warning: Dangerous voltages exist at sev- 
eral points within the cabinet which houses the 
modulation eliminator. Be careful when ad- 
justing capacitor C7 (d below). Use an insu- 
lated screwdriver and be especially careful not 
to touch the plate caps of the 829B tube (V4) 
in the transmitter. 


d. Adjust C7 on the modulation eliminator 
(fig. 18) for maximum variable carrier level as 
indicated on the monitor LEVEL METER. 

é. The rotor of C7 is visible through vent 
holes in the shield cover shown in figure 18. 
Note the position of the rotor. If C7 is set at 
either maximum or minimum capacity, it will 
be necessary to perform the procedures given in 
f through h below. If C7 is set to some point 
between maximum and minimum capacity, fol- 
low directions given in 7 below. 

f. Dial 10. Remove the shield cover which 
incloses inductor L8. 

g. If C7 was at maximum capacity in the test 
made in € above, squeeze the turns of inductor 
L3 (fig. 18) closer together. If capacitor C7 was 
at minimum capacity, spread the turns of in- 
ductance L3 farther apart. 

h. Replace the shield cover and repeat the pro- 
cedures given in 6 through e above until capaci- 
tor C7 can be adjusted for maximum indication 
on the monitor LEVEL METER with a setting 
between maximum and minimum capacity. 

2. Dial 10. Set the monitor ON-OFF switch 
to the OFF position. 

j. Disconnect plug P9 from receptacle J1 on 
the monitor (fig. 16). 

k. Dial 9, then 8. Use the vtvm to measure 
the contact potential at the cathode of tube V1 
in the AN/FRA-14 (fig. 27). Follow the in- 
structions contained in the technical manual for 
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the vtvm. Set the SELECTOR switch to the 
+ (plus) position and the RANGE switch to 
the 2V range. Connect the positive vtvm lead 
to the center conductor of plug P9. Connect the 
common lead to the plug body. The vtvm should 
give an indication of about 0.1 to 0.2 volt. Dial 
10. 

1. Remove plug P1803 from receptacle J6 on 
the goniometer (fig. 16). 

m. Dial 9, then 8. 

n. Rotate the azimuth plate (fig. 30) on the 
goniometer through 360° and, at the same time, 
note the maximum and minimum indications on 
the vtvm connected to plug P9. Subtract the 
contact potential measured in & above from 
both the maximum and minimum voltages. Com- 
pute the ratio of the two resulting voltages. 

o. When the proper relationship exists between 
the maximum and minimum voltages, the ratio 
will be 1.857 to 1. If the ratio is not 1.857 to 1, 
rotate the SIDE BAND LEVEL control (fig. 
31) on the modulation eliminator a small amount 
in either direction. 

p. Repeat procedures given in n and o above 
until a ratio of 1.857 to 1 is obtained. With this 
ratio, the variable carrier modulation will be 30 
+2 percent. 


Note. Since typical indications on the meter in each 
modulation eliminator are affected by the setting of the 
SIDE BAND LEVEL control, these indications should be 
taken at this time and kept for future reference. Note 
the meter indication for each position of the meter 
switch. Record these indications, by switch position, on 
a small tag. Attach the tag to one of the knurled thumb- 
screws on the front panel of the modulation eliminator. 


q- Dial 10. Disconnect the vtvm from plug 
Po: 

r. Reconnect plug P9 to receptacle J1 on the 
monitor. 


s. Reconnect plug P1803 to receptacle J6 on 
the goniometer. 


47. Adjustment of Transmitting Equipment 
No. 2 
(fig. 2, TM 11-5825-205-12) 

The No. 2 transmitting equipment consists of 
the following: all CY-1899/FRN-922 compo- 
nents; the O-871/FRN-20 and the AM-1246/ 
FRN-20 in the CY-2274/FRN-22A; and the 
O-373/FRN and the keyer in the CY-1897/ 
FRN-22. 
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a. Use the adjustment procedures for trans- 
mitting equipment No. 1 (pars. 37-46) to adjust 
transmitting equipment No. 2, with the following 
exceptions: 

b. Set circuit breaker K1012 on the antenna 
pedestal (fig. 201) to the ON position. 


Warning: When circuit breaker K1012 is in 
the ON position, dangerous voltages will exist 
within the No. 2 cabinet CY-1899/FRN-22. Be 
careful when making adjustments. Use prop- 
erly insulated tools and avoid touching exposed 
terminals, contacts, or other potential sources 
of high voltage. 


c. Exclude instructions in paragraphs 48 and 
44. 

d. Dial 7 for 9. 

é. Dial 6 for 8. 


48. Adjustment of Course Monitor 
MX—1837/FRN—20 


The procedure for adjustment of the monitor 
is outlined in paragraphs 49 through 55. Com- 
plete the procedures given in a through d below 
before starting the adjustment procedure. 


Caution: Do not attempt to use the adjust- 
ment screw to zero the COURSE RELAY meter 
when the pointer is off scale against the stops 
on either side. Turn the monitor ON-OFF 
switch (fig. 32) to the ON position for a few 
seconds. When the monitor is turned on, fin- 
gers within the meter will bring the pointer to 
a zero or near zero position. Turn the monitor 
ON-OFF switch to the OFF position. If the 
pointer is not quite at zero, use the adjustment 
screw to bring it to zero. 


a. Observe the COURSE INDICATOR meter - 
and the LEVEL METER. If necessary, zero 
the pointers on these meters with their adjust- 
ment screws. 

6. Set the monitor ON-OFF switch to the ON 
position. The green pilot lamp, designated 
POWER, and the three red pilot lamps, desig- 
nated ALARMS, will light. Allow sufficient 
time for the monitor to warm up before per- 
forming c below. 

ce. Dial 9, then 8. 

d. Set NORMAL-CAL switch S5 (fig. 220) to 
the NORMAL position. 


49. Course Monitor MX—1837/FRN—20 
Level Adjustments 


a. Input Level. 

(1) Set the LEVEL switch to the INPUT 
position. 

(2) Remove rectifier V10 from its socket 
(fig. 24). 

(3) Adjust METER BAL control R106 un- 
til the LEVEL METER indicates zero. 
This balances the diode contact poten- 
tials of V14. 

(4) Replace V10. 

(5) Use the vtvm to measure the input level 
voltage. Set the SELECTOR switch 
to the AC position and the RANGE 
switch to the 2V range. Connect the 
positive vtvm lead to the front right- 
hand terminal of INPUT LEVEL con- 
trol R1 (fig. 48). Connect the common 
vtvm lead to the chassis. 

(6) Adjust R1 to obtain an indication of 
0.2 volt on the vtvm. 

(7) With the vtvm still connected, adjust 
R107 for an indication of 100 percent on 
the LEVEL METER. 

(8) Disconnect the vtvm and readjust Rl 
until the LEVEL METER indicates 
100 percent. This step compensates for 
the loading effect of the vtvm. 

b. Reference Level. 

(1) Set the LEVEL switch to the REF 
position. 

(2) Use the vtvm to measure the reference 
level voltage. Set the SELECTOR 
switch to the AC position and the 
RANGE switch to the 4V range. Con- 
nect the positive vtvm lead to the center 
tap of REF LEVEL control R5. Con- 
nect the common vtvm lead to the 
chassis. 

(3) Adjust R5 to obtain an indication of 1 
volt on the vtvm. 

(4) With the vtvm still connected, adjust 
REF CAL control R6 for an indication 
of 100 percent on the LEVEL METER. 

(5) Disconnect the vtvm and readjust Rd 
until the LEVEL METER indicates 
100 percent. This step compensates for 
the loading effect of the vtvm. 

ce. Variable Level. 


(1) Set the LEVEL switch (fig. 32) to the 
VAR position. 

(2) Use the vtvm to measure the variable 

level voltage. Set the SELECTOR 

switch to the AC position and the 

RANGE switch to the 4V range. Con- 

nect the positive vtvm lead to the center 

tap of VAR LEVEL control R47 (fig. 

48). Connect the common vtvm lead 

to chassis ground. 

Adjust R47 to obtain an indication of 

1.75 volts on the vtvm. 

(4) With the vtvm still connected, adjust 
VAR CAL control R48 for an indica- 
tion of 100 percent on the LEVEL 
METER. 

(5) Disconnect the vtvm and readjust R47 
until the LEVEL METER indicates 
100 percent. This step compensates for 
the loading effect of the vtvm. 
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50. Reference Carrier Filter Adjustment 
(fig. 48) 
Capacitor C2, the reference carrier filter ad- 


justment, has been correctly set at the factory. 
No further adjustment will be necessary. 


51. Reference Carrier FM Detector 
Adjustment 
(fig. 48) 

a. Use the vtvm to measure the voltage at the 
primary (terminals 1 and 2) of transformer 
T2. Set the SELECTOR switch to the AC 
position and the RANGE switch to the 100V 
range. Connect the vtvm leads between ter- 
minal 2 of transformer T2 and chassis ground. 
Record the indication obtained on the vtvm. 

6. Without changing the vtvm control settings, 
disconnect the vtvm from transformer T2 and 
connect the vtvm leads to terminal 2 of trans- 
former T1 and chassis ground. 

c. Connect the oscilloscope vertical input ter- 
minals to terminal 2 of transformer T1 and 
chassis ground. Adjust the oscilloscope controls 
to display a 30-cycle sine wave. 

d. Adjust capacitor C10 to obtain an oscillo- 
scope pattern of a good 30-cycle sine wave with 
maximum amplitude. When such a pattern is 
obtained, the voltage on the primary of trans- 
former T1 should be approximately two to three 
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Figure 48. Course M onitor MX-1837/FRN- 


20, interior view, control locations. 
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times the voltage on the primary of transformer 
T2, usually 50 to 80 volts ac. 
e. Disconnect the oscilloscope and the vtvm. 


52. Phase Selector Adjustment 
(figs. 32 and 48) 


a. Rotate phase selector switch S4 clockwise, 
one position at a time, until the COURSE IN- 
DICATOR meter and the COURSE RELAY 
meter indicate a near zero (balanced) reading. 

b. Loosen the dial lock on the PHASE ZERO 
control and rotate the PHASE ZERO control 
for an exact zero indication on the COURSE 
INDICATOR and COURSE RELAY meters. 
Balanced conditions will occur at 0° to 180° from 
the bearing of the AN/FRA-14. At 0°, clock- 
wise rotation of the PHASE ZERO control will 
cause the pointers on the COURSE INDICA- 
TOR and COURSE RELAY meters to move to 
the right. Counterclockwise rotation of the 
PHASE ZERO control will cause the pointers 
to move to the left. If the direction of move- 
ment of the meter pointers does not correspond 
to the direction of the rotation of the PHASE 
ZERO control, rotate S4 180° and readjust the 
PHASE ZERO control for a zero indication on 
the COURSE INDICATOR and COURSE 
RELAY meters. Further rotation of the 
PHASE ZERO control in either direction 
should cause the meter pointers to move in the 
corresponding direction. 

c. Be sure that the PHASE ZERO control is 
set for a zero indication on the meters. Tighten 
the dial lock. 


53. Phase Comparator Balance Adjustment 
(figs. 32 and 48) 


a. Hold the TEST switch in the REF posi- 
tion, and adjust R387 for a zero indication on 
the COURSE INDICATOR and COURSE 
RELAY meters. 

b. Hold relay RY1 in the energized position 
and turn the TEST switch to the VAR position. 
The COURSE INDICATOR and COURSE 
RELAY meters should still indicate zero. If 
the meters do not indicate zero, repeat the phase 
selector adjustment procedure (par. 52), then 
repeat the procedures given in this paragraph 
until as near a balanced condition as possible is 
obtained between the REF and VAR positions 


of the TEST switch. Adjust R37 to divide any 
remaining unbalance equally between the REF 
and VAR positions of the TEST switch. 

Note. Because of its effect on subsequent adjust- 


ments, take special care when adjusting R387 to divide 
any unbalance equally. 


54. Calibration Check 
(figs. 82 and 48) 


a. Set the LEVEL switch to the VAR posi- 
tion. 

b. Set NORMAL-CAL switch to the CAL po- 
sition. 

ce. Adjust VAR LEVEL control R47 for an 
indication of 100 percent on the LEVEL 
METER. 


d. Record the numbered position of phase se- 
lector switch S4 and the dial reading of the 
PHASE ZERO control on a tag. 

e. Turn S4 to the position which most nearly 
gives a zero indication on the COURSE RELAY 
meter. Adjust the PHASE ZERO control until 
an exact zero indication is obtained. 

f. Record the present numbered position of 
S4 and the dial reading on the PHASE ZERO 
control on the same tag as directed in d above. 
Be sure to identify the settings as normal and 
calibrate, corresponding to the position of NOR- 
MAL-CAL switch S5 when the settings were 
taken. Attach this tag to one of the front panel 
knobs on the monitor. 

g. Return S5 to the NORMAL position, and 
readjust R47 for an indication of 100 percent on 
the LEVEL METER. 

h. Return S4 and the PHASE ZERO control 
to the positions recorded in d above. 


55. Monitor Alarm Adjustments 
(figs. 35 and 61) 


a. Reference Level Alarm. 

Note. In this adjustment, disregard any COURSE 
alarms signal obtained as a result of the rotation of REF 
LEVEL control Rd. 

(1) Turn the LEVEL switch to the REV 
position. 

(2) Adjust REF LEVEL control R5 until 
the LEVEL METER indicates the sig- 
nal level at which it is desired to oper- 
ate the alarm (80-85 percent is most 
frequently used for the alarm level). 
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(3) Adjust REF ALARM control R19 un- 
til the red REFERENCE pilot lamp 
lights. Turning R19 back from this 
setting will turn the pilot lamp off. Set 
R19 to a point at which the pilot lamp 
just lights. 
Increase the signal level by rotating 
REF LEVEL control R5. The REF- 
ERENCE pilot lamp will go out. Test 
the operating point of the reference 
level alarm by rotating R5 through the 
level set up in (2) above. 

(5) Rotate R5 until the LEVEL METER 

indicates 100 percent. 

b. Variable Level Alarm. 


Note. In this adjustment, disregard any COURSE 
alarms signal obtained as a result of the rotation of the 
VAR LEVEL control R47. 

(1) Turn the LEVEL switch to the VAR 
position. 
Adjust R47 until the LEVEL METER 
indicates the signal level at which it is 
desired to operate the alarm (80-85 per- 
cent is most frequently used for the 
alarm level). 
Slowly adjust the VAR ALARM control 
R91 until the red VARIABLE pilot 
lamp lights. Turning R91 back from 
this setting will turn the pilot lamp off. 
Set R91 to a point at which the pilot 
lamp lights. 
Increase the signal level by rotating 
R47. The VARIABLE pilot lamp will 
go out. Test the operating point of 
the variable level alarm by rotating R47 
through the level set up in (2) above. 

(5) Rotate R47 until the LEVEL METER 

indicates 100 percent. 
c. Course Alarm. 


(4 


—— 


(2 
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(3 
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Note. The COURSE INDICATOR and COURSE RE- 
LAY meters must indicate a zero phase balance before 
making this adjustment. If a zero phase balance is not 
indicated, repeat the phase selector adjustment procedure 
first (par. 49). On each goniometer, the manufacturer’s 
serial plate is located on the chasis almost directly be- 
neath the drive belt. Check the manufacturer’s serial 
number on either goniometer (fig. 2, TM 11-5825-205-12). 
Goniometers which have a serial number of 614 or above 
(fig. 30) are adjusted as described below. When making 
adjustments to goniometers with serial numbers of 613 
and below (fig. 30), disregard all references to the lock- 
ing device for the degree indicator scale and use a 
Screwdriver to adjust control H1. 
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(1) 


— 


(2 


(3) 


(4) 


(5 


—— 


(6 


— 


(7) 


The No. 1 goniometer is located in the 
No. 1 CY-1899/FRN-22. The location 
of the degree indicator scale on the 
goniometer is shown in figure 30. Record 
the reading on the degree indicator scale 
as the starting point for the course 
alarm adjustment. 

The degree indicator scale is locked in 
place by a latch plate and spring- 
loaded latch arm. Raise the latch arm 
so that it clears the latch plate and 
rotate H1 clockwise until the degree in- 
dicator scale moves the number of off- 
course degrees at which it is desired to 
have the monitor indicate an alarm. 
Adjust R39 on the monitor until the 
COURSE RELAY meter needle moves. 
The red COURSE pilot lamp will light. 
Rotate H1 counterclockwise. This will 
cause the COURSE RELAY meter 
needle to return to zero and turn off 
the red COURSE pilot lamp. 

Raise the latch arm so that it clears the 
latch plate and continue the counter- 
clockwise rotation until a point is 
reached an equal number of degrees on 
the opposite side of the original posi- 
tion recorded in (1) above. At this 
point, the COURSE RELAY meter 
should indicate on the opposite side and 
the red COURSE pilot lamp will light 
as before. Control R39 may require re- 
adjustment to get correct relay action 
at this point. If R39 is readjusted, it 
will be necessary to repeat the pro- 
cedures given in 6(2) through (5) above 
until the COURSE RELAY meter indi- 
cates an equal number of degrees on 
each side of the original position of the 
degree indicator scale. 

Use H1 to return the degree indicator 
to its original position so that the notch 
in the latch arm engages with the latch 
plate. On goniometers with locking de- 
vices, rotate H1 counterclockwise until 


a release in the tension on the control 


can be felt. The COURSE INDICA- 
TOR and COURSE RELAY meters 
should now indicate zero. 

Turn the monitor LEVEL switch to the 
REF position and, if necessary, readjust 
monitor REF LEVEL control R5 to 


obtain an indication of 100 percent on 
the LEVEL METER. 


Note. Some interlocking exists between 
R39 and R5. This interlocking is important 
only at the highest course sensitivity. When 
adjusting for a course sensitivity of 1° or less, 
the settings of R39 and R5 should be rechecked 
several times to obtain the desired operation. 

(8) Dial 10. Leave the monitor ON-OFF 
switch in the ON position. This will 
permit the monitor to remain in a 
warmed up condition at all times, pro- 
vided circuit breaker K1004 on the an- 
tenna pedestal is in the ON position. 


56. Course Discrepancy Adjustment 


The monitor has been adjusted for a COURSE 
RELAY meter indication of zero with transmit- 
ting equipment No. 1 in operation (par. 42). 
Operation of transmitting equipment No. 2 may 
cause the COURSE RELAY meter to show a 
deviation to the right or left of zero. In some 
eases, this deviation may be great enough to 
operate the course alarm. Perform the following 
steps to check and, if required, adjust for any 
course discrepancy: 

a. Dial 7, then 6. 

6. Observe the COURSE RELAY meter on 
the monitor (fig. 32). If the COURSE RELAY 
meter is at zero, proceed to f below. If the 
COURSE RELAY meter is not at zero, com- 
plete the procedures given in ¢ and f below. 

Note. On each goniometer, the manufacturer’s serial 
plate is located on the chassis almost directly beneath 
the drive belt. Check the manufacturer’s serial number 
on the No. 2 goniometer. Goniometers that have a serial 
number of 614 or above (fig. 30) are adjusted as de- 
scribed below. When making adjustments to goniometers 
with serial numbers of 613 and below (fig. 30), disregard 
all references to the locking device for the degree indi- 
cator scale and use a screwdriver to adjust control H1. 

c. The No. 2 goniometer is located in the No. 
2 CY-1899/FRN-22. The mechanical parts on 
the goniometer that are involved in making the 
course discrepancy adjustment are shown in fig- 
ure 30. Raise the latch arm so that it clears the 
latch plate and rotate H1 to obtain a zero indi- 
cation on the monitor COURSE RELAY meter. 
Usually a 1° to 3° change on the degree indi- 
cator scale will be sufficient to correct the course 
discrepancy. 

d. Loosen the two screws that hold the latch 
plate in place. The slot in the latch plate per- 


mits the plate to be moved slightly in either 
direction. Move the latch plate in the proper 
direction so that~the notch in the latch arm 
engages with the latch plate. Tighten the latch 
plate holding screws. 

e. On goniometers with locking devices, rotate 
H1 counterclockwise until a release in the ten- 
sion on the control can be felt. 

Jo Dial 10: 


57. Level Discrepancy Adjustments 


The monitor has been adjusted for 100 percent 
of normal levels on input, reference, and variable 
signals with transmitting equipment No. 1 in 
operation (par. 49). Operation of transmitting 
equipment No. 2 may result in level indications 
a few percent above or below those recorded for 
transmitting equipment No. 1. Perform the fol- 
lowing steps, and, if required, adjust to correct 
any level discrepancy: 

a. Dial 7, then 6. 

6. Set the LEVEL switch on the monitor (fig. 
32) to the INPUT position. 

c. The No. 2 transmitter is located in the No. 
2 CY-1899/FRN-22. Adjust the ANTENNA 
LOADING control on the transmitter (fig. 36) 
to obtain a reading of 100 percent on the monitor 
LEVEL METER, but do not exceed a final am- 
plifier total current of 220 milliamperes. To 
obtain the 100 percent input level, it may be 
necessary to reposition output loop L8 on the 
transmitter as described in paragraph 39¢. 

d. Turn the LEVEL switch on the monitor to 
the REF position. 

e. The No. 2 goniometer is located in the No. 
neem ae Adjust SUB-CARRIER 

4EVEL control R18 on the goniometer (fig. 30) 
to obtain an indication of 100 percent on the 
monitor LEVEL METER. 

fj. Turn the LEVEL switch to the VAR posi- 
tion. 

g. The No. 2 modulation eliminator is located 
in the No, 2 CY-1899/FRN-22. Adjust the 
SIDE BAND LEVEL control on the modulation 
eliminator (fig. 31) to obtain an indication of 
100 percent on the monitor LEVEL METER. 

h. Dial 10. 

Note. The location of interlock switch $1801 in CY- 
1899/FRN-22 is shown in figure 226. Remove the inter- 


lock jumper plug from interlock switch $1801 in both 
cabinets. Be sure to close both rear doors. 
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58. Final Adjustments 

a. Place transmitting equipment No. 1 in op- 
eration by first dialing 9, then 8. Allow trans- 
mitting equipment No. 1 to operate for 24 hours. 
At the end of this period, recheck the following 
adjustments: tuning adjustment on the trans- 
mitter (par. 39), modulation adjustments (pars. 
45 and 46), and alarm adjustments on the moni- 
tor (par. 55). 

b. Place transmitting equipment No. 2 in op- 
eration by first dialing 7, then 6. Allow trans- 
mitting equipment No. 2 to operate for 24 hours 
and, at the end of this period, recheck the fol- 
lowing adjustments: tuning adjustments on the 
transmitter (par. 39), modulation adjustments 
(pars. 45 and 46), course discrepancy adjustment 
(par. 56), and the level discrepancy adjustments 
(par. 57). 

ce. After final adjustments have been com- 
pleted, a station log should be initiated. Record 
the initial meter indications on both transmitting 
equipments and the monitor. Keep other mainte- 
nance and repair data of value in this station log. 


59. Flight Check of Omnirange Set 


a. After final adjustments have been completed 
(par. 58), it will be necessary to make a flight 
check of the omnirange set with each transmitting 
equipment in operation. Only qualified person- 
nel who are familiar with omnirange flight check 
procedures should make this check. The purpose 
of the flight check is to determine whether any 
further adjustment is required in modulation 
levels and/or course alinement. Some means of 
communication should be provided to permit the 
pilot to talk to personnel at the omnirange site 
while the flight check is in progress. 

6. Place transmitting equipment No. 1 in oper- 
ation by dialing 9, then 8. 

c. If a course error is detected during the flight 
check of transmitting equipment No. 1, perform 
the course alinement procedure (par. 60). 

d. If the flight check determines that adjust- 
ments are required in the modulation levels, use 
the following controls to make these adjustments: 

(1) Use SUB-CARRIER LEVEL control 
R18 on the goniometer (fig. 30) to ad- 
just the subcarrier modulation. 

(2) Use R15 on the O-373/FRN (fig. 216) 
to adjust the identification (keyed tone) 
modulation. 

(3) Use the SIDE BAND LEVEL control 
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on the modulation eliminator (fig. 31) to 
adjust the variable carrier modulation. 
Clockwise rotation of the SIDE BAND 
LEVEL control decreases course width. 
Counterclockwise rotation of the SIDE 
BAND LEVEL control increases course 
width. 

e. When the flight check shows that the modu- 
lation levels and course alinement are correct, 
dial 10 to turn off transmitting equipment No. 1. 

f. Place transmitting equipment No. 2 in oper- 
ation by dialing 7, then 6. 

g. If the course alinement of transmitting 
equipment No. 1 was changed (c¢ above), perform 
the course discrepancy adjustment procedure 
(par. 56). 

h. If the flight check of transmitting equip- 
ment No. 2 determines that adjustments are re- 
quired in the modulation levels, refer to d above. 

z. When the flight check shows that the modu- 
lation levels and course alinement are correct, 
dial 10 to turn off transmitting equipment No. 2. 

j. Obtain accurate navigation charts of the 
area surrounding the site. On the charts, plot 
the magnetic bearings from the site of frequently 
used checkpoints and major cities. These check- 
points will help minimize the need for future 
flight checks. 


60. Course Alinement 


Note. This adjustment is necessary only when a 
course error is detected during a flight check (par. 59c). 
On each goniometer, the manufacturer’s serial plate is 
located on the chassis almost directly beneath the drive 
belt. Check the manufacturer’s serial number on the 
No. 1 goniometer. Goniometers that have a serial num- 
ber of 614 or above (fig. 30) are adjusted as described 
below. When making adjustments to goniometers with 
serial numbers of 613 and below (fig. 30), disregard all 
references to the locking device for the degree indicator 
scale and use a screwdriver to adjust control H1. 

a. The No. 1 goniometer is located in the No. 1 
CY-1899/FRN-22. The mechanical parts on the 
goniometer that are involved in making the ad- 
justment for course error are shown in figure 30. 
Raise the latch arm so that it clears the latch 
plate, and rotate course adjustment control H1 
to move the degree indicator scale the required 
number of degrees in the right direction to re- 
move the course error. 

6. Loosen the two screws that hold the latch 
plate in place. The slot in the latch plate permits 
the plate to be moved slightly in either direction. 
Move the latch plate in the proper direction so 


that the notch in the latch arm engages with the 
latch plate. Then tighten the latch plate holding 
screws. 

ce. On goniometers with locking devices, rotate 
H1 counterclockwise until a release in the tension 
on the control can be felt. 

d. Perform the phase selector and phase com- 
parator balance adjustments on the monitor as 
described in paragraphs 52 and 53. Repeat the 
flight check (par. 59) to make sure that the course 
was moved in the right direction. 


61. Commissioning Omnirange Station 


a. Use the operational checklist (par. 229) to 
make a complete performance check of Radio 


Transmitting Set AN/FRN-22A from the omni- 
range site. 

Note. Be sure that all circuit breakers on the antenna 
pedestal (fig. 201), except K1005 for the shelter lights, 
are in their ON positions before leaving the shelter. Be 


sure that LOCAL-REMOTE switch on the C-1738/FRN- 
20 is in the REMOTE position. 


6. At the remote control point, connect the 
power cable from the remote control unit and the 
AM-1247/FRN-20 to a 115-volt ac power source. 

c. Use the operational checklist (par. 229d) to 
make an operational check of the omnirange set 
from the remote control point, then release the 
equipment to operating personnel. 
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CHAPTER 2 
THEORY 


Section 1. GENERAL THEORY OF RADIO TRANSMITTING SET AN/FRN—22A 


62. Equipment Applications 
(fig. 49, contained in separate envelope) 


Radio Transmitting Set AN/FRN-22A is de- 
signed to be operated from a remotely located 
control point. Remote control of transmitting 
facilities is accomplished over a balanced tele- 
phone line and makes possible the following three 
modes of transmission: omnirange transmission 
to provide continuous navigational information, 
coded tone transmission to identify the omnirange 
station, and voice transmission. The signal paths 
of the three modes of transmission are described 
in paragraphs 64 through 66. Circuits for 
manual and automatic control are described in 
paragraphs 67 and 68. 


63. System Theory 


Figure 49 (in separate envelope), shows the 
block diagram of the omnirange set. The main 
components, with their common names and func- 
tions, are listed below. 

a. Antenna AT-669/FRN-22 (Antenna). Radi- 
ates a very high frequency (VHF) omnirange 
signal consisting of a reference carrier and two 
variable-carrier signals. 

b. Antenna Group AN/FRA-14. Samples and 
detects the RF signal radiated by Antenna AT- 
669/F RN-22 and feeds it to Course Monitor MX-— 
1837/F RN-20. 

c. Audio-Frequency Amplifier AM-1246/FRN- 
20. Amplifies the 50- or 60-cycle signal from 
Audio Frequency Oscillator O-371/FRN-20 to. 
a level of 115 volts to operate the motor in 
Electrical Goniometer GO-12/FRN-20. 

d. Audio-Frequency Amplifier AM-1247/F RN- 
20. Amplifies the audio signal from microphone 
MK1 to produce a constant output level of 0 db. 

e. Audio-Frequency Oscillator O-371 /FRN., 
Generates a frequency regulated 50- or 60-cycle 
signal and feeds it to Audio-F requency Ampli- 
fier AM-1246/FRN-20, 
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f. Audio-Frequency Oscillator O-373/FRN. 
Develops and supplies a 1,000-cycle identification 
tone signal to Keyer KY-175/FRN. It has a 
self-contained plate supply. 

g. Course Monitor MX-1837/FRN-20 (Moni- 
tor). Receives the detected signal from Antenna 
Group AN/FRA-14 and compares it with preset 
standards of input level, phase relationship and 
amplitude. It also provides fail-safe protection 
and amplifies the signal for aural monitoring. 

h. Electrical Goniometer GO-12/FRN-20 
(Goniometer). Couples the unmodulated RF sig- 
nal from Course Monitor MX-1837/FRN-20 to 
the variable sections of Antenna AT-669/FRN- 
22. It generates an FM subcarrier that amplitude 
modulates Radio Transmitter T-573/FRN-22A. 
It also provides level adjustments and mixes the 
subcarrier and identification signals or the 
subcarrier and voice modulating signals before 
they are applied to the transmitter. 

t. Indicator Panel SB-830/FRN-92A (Meter 
Panel). Indicates the frequency and voltage of 
the power supplied to the goniometer motor in 
equipment No. 1 or No. 2. It also indicates the 
amplifier and cathode currents in Audio-Fre- — 
quency Amplifier AM-1246/FRN-20 in equip- 
ment No. 1. 

j. Keyer KY-175/FRN (Keyer). Forms the 
call letters of the station by mechanically inter- 
rupting the 1,000-cycle tone signal produced by » 
Audio-Frequency Oscillator O-373/FRN. 

k. Modulation Eliminator MX-1843/F RN-20 
(Modulation Eliminator). Removes the modula- 
tion from the modulated RF carrier produced by 
Radio Transmitter T-573/FRN-20. Amplifies 
the unmodulated carrier and feeds it to Electrical 
Goniometer GO-12/FRN-20. 

l. Power Supply PP-1329/FRN-20. Supplies 
+500 volts and +1,350 volts to Audio-Frequency 
Amplifier AM-1246/FRN-20. Houses output 
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transformer T1403, which couples Audio-Fre- 
quency Amplifier AM-1246/FRN-20 to Electrical 
Goniometer GO-12/FRN-20. 

m. Power Supply PP-1331/F RN-20. Supplies 
+500 volts and +250 volts to Radio Transmitter 
T-573/FRN-22A, and +250 volts to the sub- 
carrier section of Electrical Goniometer GO- 
12/FRN-20. It also supplies —25 volts and —75 
volts bias to Radio Transmitter T-573/FRN-22A, 
and +12 volts to Relay Assembly RE-248/FRN- 
22. 

n. Power Supply PP-1415/FRN-22. Supplies 
12 volts for operating the telephone circuits be- 
tween the site and remote control points. 

0. Propeller Ventilating Fan HD-@44/FRN- 
22 (Shelter Blower). Provides thermostatically 
controlled forced air cooling for the shelter. 

p. Radio Set Control C-1738/FRN-20. Pro- 
vides functions for turning the transmitter on 
and off and signaling the operator at the remote 
point. 

q. Radio Set Control C-1739/F RN-20 (Remote 
Control Unit). Provides control of the omni- 
range set from the remote position. Provides 
intercommunication between the site and the re- 
mote control point, and voice modulation of the 
transmitter. 

r. Feadio Set Transfer Control C-1840/FRN- 
22, Automatically dials the standby transmitting 
equipment to omnirange operation when actuated 
by an alarm from Course Monitor MX-1837/ 
FRN-20. 

s. Radio Transmitter T-573/FRN-92A (Trans- 
mitter). Develops and amplifies an RF signal 
between 108 and 118 mec with an output power 
of 50 watts. 

t. Relay Assembly RE-247/F RN-22. Provides 
facilities for controlling the ac power to various 
components of the omnirange set. 

u. Relay Assembly RE-248/FRN-22. Houses 
control circuits that perform functions such as 
transferring identification, voice, and 12-volt cir- 
cuits between equipments No. 1 and No. 2. 

v. Voltage Regulator CN-358/FRN-22 (Volt- 
age Regulator). Supplies a stable source of 230 
volts ac power for operation of components in 
the omnirange set. 


64. Navigational Information Signal Path 
(fig. 50) 


a. A 9,960-cycle reference subcarrier is gener- 
ated in the goniometer where it is frequency- 
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modulated at a 30-cycle rate by a rotating capaci- | 
tor. The reference subcarrier is applied to the © 
modulator section of the transmitter where it 
amplitude-modulates the VHF carrier. The 
modulated carrier passes through a coaxial relay 
to the reference section of the antenna and is 
radiated omnidirectionally. 

6. A portion of the transmitter output is fed 
to the modulation eliminator where it is amplified 
and the modulation removed. The output from 
the modulation eliminator passes through the 
goniometer VHF capacitor which divides the 
signal into two exactly equal 30-cycle modulated 
parts displaced 90° in phase. The output of the 
goniometer capacitor is connected through two 
coaxial relays to the two variable sections of the 
antenna and radiated in the form of a rotating 
figure-of-eight pattern. The combined radiation 
(total of reference and variable carrier radia- 
tions) produces a rotating pattern which carries 
distinctive bearing information along any radial 
from the omnirange set. 


65. Station Identification Signal Path 
(fig. 51) 

A 1,000-cycle tone is generated in O-373/FRN 
and passed through the keyer which produces 
the station call letters at predetermined intervals 
of 16 to 100 seconds. The keyed tone goes through 
the equipment services selector relay in the RE- 
248/F RN-22, through the tone-voice selector relay 
in the C-1738/FRN-20, through an attenuator 
in the goniometer, and then to the modulator 
section in the transmitter. The keyed-tone signal 
amplitude-modulates the 108- to 118-megacycle 
carrier which is developed in the transmitter and 
radiated by the reference section of the antenna. 


66. Voice Signal Path 
(fig. 52) 


Voice signals that are developed in the opera- 
tor’s microphone are fed through the remote 
control unit to the AM-1247/FRN-20, where 
they are amplified and compressed to a preset 
level. The output of the AM-1247/FRN-20 is 
carried through the remote control unit and over 
the balanced telephone line to the tone-voice 
selector relay in the C-1738/FRN-20. The sig- 
nals from this point are routed through an at- 
tenuator in the goniometer to the modulator sec- 
tion of the transmitter. The voice signals 
amplitude-modulate the 108- to 118-me carrier. 
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Figure 52. Voice signal path, block diagram. 


67. Manual Control Circuit 
(fig. 53) 

Dialing at the remote control unit transmits 
60-cycle current pulses over the balanced tele- 
phone line; the current is rectified, and energizes 
& minor switch in the C-1738/FRN-20. Follow- 
ing completion of the dialing sequence, a —12- 
volt potential from the PP-1415/FRN-22 is ap- 
pled through the closed contacts of the minor 
switch and actuates control relays in the RE- 
248/F RN-22, in the C-1738/FRN-20, and in the 
RE-247/FRN-22. The control relays apply the 
required operating power and complete the oper- 
ating circuits to either transmitting equipment 
No. 1 or transmitting equiprnent No. 2, depend- 
ing upon the numbers dialed by the operator. 


68. Automatic Control Circuit 
(fig. 54) 


‘. Signals produced by the omnirange set are 
Rede continuously by the monitor through 
the AN/FRA-14. Interruption, or change in 
characteristics, of signals emitted by the trans- 
mitting equipment causes the circuits in the moni- 
tor to cycle, in an effort to put the transmitter 
back on the air. This causes a relay in the 
C-1738/FRN-20 to turn off the transmitting 
equipment responsible for abnormal emission. 
The abnormal condition also causes a relay in the 
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C-1840/FRN-22 to disable the manual control 
circuit and start a motor-driven sequence switch. 
Through the action of the sequence switch, a 
—12-volt potential from the PP-1415/FRN-22 
actuates control relays in the RE-248/FRN-22, 
in the C-1738/FRN-20, and in the RE-247/ 
FRN-22. When the switching sequence is com- 
pleted, the standby transmitting equipment is 
automatically placed in operation and the monitor 
samples emission characteristics. 

6. If the emission characteristics are found 
normal, the monitor will remain alarm-free until 
some future condition of abnormality develops 
in the transmitting equipment. If emission is 
found abnormal after a transfer, the monitor will 
place the original transmitting equipment in oper- 
ation as described in a above. This process of 
sampling and transfer will continue for a maxi- 
mum of six transfer cycles. If, at the end of the 
sixth cycle, the monitor has found that neither 
transmitting equipment is capable of producing 
normal emission, the transfer unit will go through 
a seventh cycle. The seventh cycle automatically 
removes operating power from both transmitting 
equipments and stops further cycling of the 
transfer unit. Indicating lamps and a buzzer, 
located on the remote control unit provide a warn- 
ing to the operator that the omnirange set is 
disabled and that maintenance procedures are 
necessary. 
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Section Il. THEORY OF RADIO TRANSMITTER T—573/FRN—20 
69. Block Diagram and doubled in frequency successively by doubler 
(fig. 55) amplifiers V2 and V3. The output signal of V3 


is at the carrier frequency and is coupled to final 
amplifier V4. High level modulation is accom- 
plished by the output of push-pull modulator 


The transmitter is capable of developing a 
carrier output of 50 watts on modulated continu- 


ee : thi , 
i Be ea td eee oe Pad V7 and V8. The output of final amplifier V4 is 


plete circuit details, refer to the overall schematic connected to the modulation eliminator and to 
diagram (fig. 275). the antenna. ivr 

a. The 27- to 29.5-me signal (crystal frequency) b. The two audio signals used to modulate the 
developed in crystal oscillator V1 is amplified transmitter carrier are applied to push-pull driver 


81 


vi v2 
GAGTY 6AG7Y 


AUDIO 
“DRIVER 


AUDIO INPUTS FROM 
ELECTRICAL GONIOMETER 
GO-l2/FRN-20 


v5, V6 
6AQ5W, 6AQ5W 


FROM POWER SUPPLY PP-1I33I/FRN-20 


MODULATOR 
AMPLIFIER 


v7, V8 
807, 807 


ese AND ANTENNA 


METER MI 


SWITCH S2 


Figure 55. Radio Transmitter T-5738/FRN-20, block diagram. 
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Figure 56. Orystal oscillator V1, schematic diagram. 


V5 and V6. The output of audio driver V5 and 
V6 is coupled to push-pull modulator V7 and V8. 

c. Dc operating voltages for the transmitter are 
developed in the PP-1331/FRN-20. The volt- 
ages supplied to the transmitter are —25 volts dc, 
—'5 volts de, +250 volts de, +500 volts dc, and 
115 volts ac. 

d. A meter and meter-switching circuits are 
provided to check voltages and currents in the 
transmitter. 


70. Crystal Oscillator V1 
(fig. 56) 

An electron-coupled crystal oscillator circuit 
develops the initial signal in the transmitter and 
feeds it to first doubler amplifier V2. The fre- 
quency of the crystal oscillator may be any fre- 


quency between 27 and 29.5 mc. Pentode V1, a 
6AGTY, is used as the oscillator. 

a. Oana crystal Y1, a harmonic mode crystal, 
is connected between the control grid of V1 and 
ground. Excitation of crystal Y1 is caused by 
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the oscillations produced by the parallel-tuned 


SECOND lo8-118 108-118 TO MODULATION 
eh allele DOUBLER DOUBLER MC nae mc ELIMINATOR 
OSCILLATOR AMPLIFIER AMPLIFIER AMPLIF| MX-1843/FRN-20 


AT-669/FRN-22 


SWITCH S2 


circuit (L1 and C1) in the cathode of V1. The 


resonant frequency of this tuned circuit is below 
the oscillator frequency. 

b. The screen grid of V1 serves as the oscil- 
lator anode. 
by the 250-volt supply through resistor R2. 


filter which bypasses RF signals from screen to 
ground. 

ce. De bias voltage for the control grid of V1 
is provided by the voltage drop across grid re- 
sistor R1. The suppressor grid of V1 is grounded 
to provide shielding between the oscillator circuit 
and the plate circuit. The RF signal from the 
oscillator circuit is coupled to the plate through 
the common electron stream. 

d. The output is developed across a parallel- 
tuned circuit consisting of inductor L2 and OSC 
PLATE tuning capacitor C4. 
tuned to a frequency one-fourth of the trans- 


mitter carrier frequency. Capacitor C3 bypasses — 


Qe a aa a 


This circuit is 


Screen voltage for V1 is furnished — 
Re-- 
sistor R2 and capacitor C2 form a decoupling — 


IST 


DOUBLER AMPLIFIER 


cs 


FROM CRYSTAL 
OSCILLATOR VI 


TO METER 
SWITCH S2 


Cit 
500 


TO 20 DOUBLER 
AMPLIFIER V3 


V2 
6AG7TY 


IST AMP PLATE 


L3 


4 
5 
Bes 
7 

a 6.3V A 
Hees AC RI4 TO METER 
10 SWITCH S2 

c9 B 

1,000 
c8 
7 | * 1,000 +250V TM215-87 


Figure 57. First doubler amplifier V2, schematic diagram. 


RF from the plate return to ground. Plate volt- 
age is obtained from the 250-volt supply. Re- 
sistor R12 serves as a shunt for meter M1 when 
meter switch S2 is in the OSC PLATE position. 


71. First Doubler Amplifier V2 
(fig. 57) 

First doubler amplifier V2 uses a 6AG7Y tube 
to amplify and double the frequency of the signal 
from crystal oscillator V1. 

a. The input signal is coupled to the grid of 
V2 by capacitor C5. The output of V2 is de- 
veloped in a parallel-tuned circuit consisting of 
inductor L3 and 1ST AMP PLATE tuning 
capacitor C10. The frequency of the signal in 
this tuned circuit is one-half of the transmitter 
carrier frequency. 

b. Capacitor C9 bypasses RF from plate re- 
turn to ground. Plate voltage is obtained from 
the 250-volt supply through resistor R14. Re- 
sistor R14 also serves as a meter shunt when 
meter switch S2 is in the 1ST AMP PLATE 
position. Screen voltage is supplied through re- 
sistor R14 and voltage-dropping resistor Rd. 
The screen grid is bypassed to ground by capaci- 
tor C8. 

c. Self-bias is developed across cathode resistor 
R4. The cathode RF bypass capacitor is C6. 
The grid load resistor is R3. Capacitor C7 is 
the RF grid bypass. Resistor R13 serves as a 
shunt for meter M1 when meter switch S2 is in 
the 1ST AMP GRID position. 


72. Second Doubler Amplifier V3 
(fig. 58) 

Second doubler amplifier V3 uses a 2EK26 tube 
to amplify and double the frequency of the signal 
from first doubler amplifier V2. 

a. The input signal from first doubler amplifier 
V2 is coupled to the grid of tube V3 by capacitor 
C11. The output of V3 is developed in a parallel- 
tuned circuit consisting of inductor L4 and 2ND 
AMP PLATE tuning capacitor C14. This circuit 
is tuned to the transmitter carrier frequency. 
The output of the tuned circuit is transformer- 
coupled to the grids of final amplifier V4 by 
inductor Ld. 

6. Capacitor C15 bypasses RF from plate re- 
turn to ground. Plate voltage is obtained from 
the 250-volt supply through resistor R16. Re- 
sistor R16 serves as a shunt for meter M1 when 
meter switch S2 is in the 2ND AMP PLATE 
position. Screen-grid voltage is obtained from 
the 250-volt supply through a voltage divider 
consisting of resistor R7 and EXCITATION 
CONTROL R8. The screen grid is bypassed to 
ground by capacitor C13. 

c. Grid bias is supplied by the fixed 25-volt bias 
supply and the voltage drop developed by grid 
current in resistor R6. Capacitor C12 is the grid 
RF bypass. Resistor R15 serves as a shunt for 
meter M1 when meter switch S2 is in the 2ND 
AMP GRID position. 
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Figure 58. Second doubler amplifier V3, schematic diagram. 


73. Final Amplifier V4 
(fig. 59). 

Final amplifier V4 uses a 829B tube to amplify 
the signal delivered to it by tube V3. The final 
amplifier operates as a class C push-pull ampli- 
fier, feeding RF power to coaxial output plug P1. 
Both the plates and screens of V4 are modulated. 

a. Excitation is supplied to the push-pull grids 
of V4 from a parallel-tuned circuit consisting of 
inductor L5 and FINAL AMP GRID tuning 
capacitor C16-C17. Capacitor C16-C17 is a dual 
capacitor with a grounded rotor. A fixed grid 
bias is obtained from the —75-volt bias supply 
through resistor R17 which is connected to the 
center tap of inductor L5. Resistor R17 serves as 
a shunt for meter M1 when meter switch S2 is in 
the FINAL AMP GRID position. Neutraliza- 
tion is provided by a small insulated metal flag 
connected to each grid and located outside the 
tube near the opposite plate. 

6. The output of V4 is developed in a parallel- 
tuned circuit consisting of inductor L7 and 
FINAL AMP PLATE tuning capacitor C20- 
C21. Capacitor C20-C21 is a dual capacitor with 
an ungrounded rotor. Plate voltage from modu- 
lation transformer T3 is fed to the center tap of 

4 through RF choke Lé. 

c. Modulating voltage is supplied to the screen 
grids through a fixed voltage divider consisting 
of resistors K10and Ril, “RB vcurrents in the 
screens are bypassed to ground by capacitors C19 
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and C31. Resistor R18 serves as a shunt for 
meter M1 when meter switch S2 is in the FINAL 
AMP SCRN position. 

d. Modulated RF power is coupled from the 
plate circuit to 52-ohm coaxial output plug P1 by 
loop L8 which is series-tuned by ANTENNA 
LOADING capacitor C24. 

e. A sample of the modulated RF power is 
coupled to coaxial CARRIER TEST OUT re- 
ceptacle J3 by a short length of 52-ohm coaxial 
cable. The dielectric and inner conductor of the 
cable section extend beyond the outer conductor 
to form an adjustable probe near inductor L7. 

f. Metering of the sum of all currents in V4 is 
accomplished across cathode resistor R9 when 
meter switch S2 is in the FINAL AMP TOTAL 
position. The cathode is bypassed by capacitors 
C18 and C28. The filament is bypassed to ground 
by capacitors C29 and C30. 


74. Audio Driver V5 and V6 
(fig. 60) 

Audio driver V5 and V6, type 6AQ5W 
pentodes, operates as a class A push-pull ampli- 
fier to provide grid drive for modulator V7 and 
V8. 

a. An audio signal, consisting of either subcar- 
rier and keyed tone, or subcarrier and voice, is 
applied to the primary of line-to-grid transformer 
T1 through MODULATION GAIN control 
AT1. The secondary of T1 feeds the grids of 
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Figure 60. Audio driver V5 and V6, schematic diagram. 
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Figure 61. Modulator V? and V8, schematic diagram. 
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V5 and V6 in push-pull. Bias is provided by 
cathode resistor R24, bypassed by C22. 

b. Plate and screen-grid voltage for V5 and 
V6 is provided by the 250-volt supply. Output 
| power is developed in driver transformer T2. 


| 75. Modulator V7 and V8 
| (fig. 61) 


Push-pull modulator V7 and V8, 807 pentodes, 
operates as a class B amplifier. The power out- 
| put of this stage, developed in modulation trans- 
| former T3, is used to modulate final RF ampli- 
fier V4. 

a. The signal input from driver transformer T2 
is applied to the grids of tubes V7 and V8. Fixed 
| grid bias is supplied directly from the —25-volt 
| bias supply to the center tap of the T2 secondary. 
| Regulating resistor R26 provides a constant shunt 
i load across the secondary of T2. 

6. Audio output power is developed in modula- 
| tion autotransformer T3. Transformer T3 
i matches the plate impedance of tubes V7 and V8 
| to the higher impedance of. final amplifier V4. 
| The plate voltage for V7 and V8, and the plate 
| and screen grid voltage for V4, is provided by 
| direct connection of the 500-volt supply to the 
tap of T3. The screens of V7 and V8 are sup- 
| plied by the 250-volt supply. 

c. Resistor R19 serves as a voltmeter multiplier 
| and connects the 500-volt supply to meter M1 
j when meter switch S2 is in the HIGH VOLT- 
| AGE position. Total current in V7 and V8 is 
| metered across cathode resistor R25 when meter 
| switch S2 is in the MOD TOTAL position. 


76. Power Circuits 
(fig. 62) 

Operating voltages for the transmitter are sup- 
plied by the PP-1331/FRN-20 through recep- 
tacles J1 and J2. 

a. Transformer T4 steps down the 115-volt ac 
power to 6.3 volts ac for all tube filaments in the 
transmitter. 

6. All de voltages required are developed in the 
PP-1331/FRN-20. The +500 volts de is applied 
through high-voltage receptacle J2 to the screen 
of V4 and to the plates of V4, V7, and V8. The 
+250 volts de is applied through J1 to the plates 
and screens of V1, V2, V3, V5, and V6 and to the 
screens of V7 and V8. The —%5 volts de is ap- 
plied to the grids of V4, and the —25 volts de is 
applied to the grids of V8, V7, and V8. 

c. Panel interlock switch $3 is for the protec- 
tion of maintenance personnel. TEST KEY S4, 
when depressed, causes the 250-volt and 500-volt 
supplies to be energized. TEST KEY S¢ is used 
only during tuning or test procedures. 


77. Meter Circuits 
(fig. 63) 

Metering of the circuits is accomplished with 
meter M1, 10-position meter switch S2, and a 
current shunt resistor or a voltage multiplier re- 
sistor in the circuit to be metered. Full-scale 
range of meter M1 is 1 milliampere, with an in- 
ternal resistance of 1,000 ohms. Capacitor C25 is 
bridged across the meter terminals to bypass any 
RF currents. Each metering resistor is connected 
to a pair of contacts on meter switch S2. 
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Figure 63. Meter circuits, schematic diagram. 


Section Ill. 


78. Block Diagram 
(fig. 64) 

The PP-1331/FRN-20 supplies the operating 
voltages for the transmitter, the subcarrier sec- 
tion of the goniometer, and the simplex circuit. 
The power supply consists of four rectifier cir- 
cuits and their associated controls. For complete 
circuit details, refer to the overall schematic dia- 
gram (fig. 276). 


THEORY OF POWER SUPPLY PP—1331/FRN—20 


a. Full-wave high-voltage rectifier V1 and V2 
provides +500 volts de for the transmitter. 

6. Full-wave low-voltage rectifier V3 provides 
+250 volts de for the transmitter and the sub- 
carrier section of the goniometer. 

c. Full-wave bias rectifier V4 supplies —25 
volts de and —75 volts de for the transmitter. 

d. Full-wave 12-volt rectifier D1 supplies +12 
volts de for the simplex circuit. 
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Figure 64. Power Supply PP-1331/FRN-20, block diagram. 


79. High-Voltage Rectifier V1 and V2 


(fig. 65, contained in separate envelope) 


This circuit supplies +500 volts de for the 
modulator and final amplifier of the transmitter. 
Tubes V1 and V2, 3B28 gas-filled rectifiers, are 
used. 

a. A voltage of 115 volts ac is applied through 
thermal time-delay relay S3 and contacts of bias 
underload relay S4 (fig. 276) to the primary of 
transformer T1. A center-tapped secondary 
winding of T1 furnishes 645 volts ac to the plates 
of V1 and V2. Fuse F5, between the center tap 
and ground is an overload protection. 

6. Each of the filaments of the two 3B28 recti- 
fiers is connected across one-half of the 5-volt 
winding on transformer T2. 

c. The output of the high-voltage rectifier is 
connected through a two-section choke input 
filter, consisting of chokes L1 and L2 and capaci- 
tors Cl and C2, to provide +500 volts de at 
terminal El. Bleeder resistor R1 provides the 
necessary bleeder current for regulation, and for 
safety, provides a discharge path for capacitors 
C1 and C2 after the power supply is turned off. 


80. Low-Voltage Rectifier V3 
(fig. 65, contained in separate envelope) 
A low-voltage rectifier circuit is used to develop 
+250 volts de for plates and screen grids of tubes 
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in the transmitter and for the subcarrier section 
of the goniometer. Tube V3, a 5U4GB, is the 
rectifier. 

a. A voltage of 115 volts ac is applied to the 
primary of plate transformer T3 through thermal 
time-delay relay S3 and contacts of bias under- 
load relay S4. A center-tapped secondary wind- 
ing of T3 furnishes 550 volts ac to the plates of 
full-wave rectifier V3. Fuse F3, between the cen- 
ter tap and ground, is an overload protection. 

6. The filament of the 5U4GB rectifier receives 
its power from a 5-volt winding on transformer 
T2. 

c. The output is connected through a capacitive 
input filter, consisting of capacitors C3, C4, and 
choke L3, and the contacts of bias underload 
relay S4. The output provides +250 volts de 
at terminals 7 and 8 of terminal board TB1. 
Bleeder resistor R2 provides the necessary bleeder 
current for regulation, and for safety, a discharge 
path for capacitors C3 and C4 after the power 
supply is turned off. 


81. Twelve-Volt Rectifier D1 
(fig. 65, contained in separate envelope) 
A 12-volt rectifier circuit is used to develop 
+12 volts direct current (dc) for operation of 
carrier control relay S5, tone-voice relay 0208 
in the C-17388/FRN-20, and the simplex circuit. 
Dry-disk metallic bridge-rectifier D1 is used. 
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Figure 66. Bias rectifier V4, schematic diagram. 


| «a. The 115 volts ac applied to the primary of 
| transformer T2 is stepped down to 20 volts. The 
| 20-volt ac line is connected through voltage ad- 
| justing control R9 to the rectifier. The output of 
| the rectifier, filtered by capacitor C7, is adjusted 
| by control R9 to +12 volts de under load. 

| 0. The +12 volts dc is used to energize carrier 
| control relay S5, within the power supply, and is 
| connected to output terminal 26 of terminal board 
| TB1 to operate the simplex circuit and energize 
| tone-voice relay O 208. 


82. Bias Rectifier V4 
(fig. 66) 

A bias rectifier circuit is used to develop —75 
} and —25 volts de to control the operation of the 
) tubes in the transmitter. Tube V4 is a 5U4GB. 
; a. A voltage of 115 volts ac is applied to the 
| primary of transformer T4. A center-tapped 
| secondary winding furnishes 350 volts ac to recti- 
fier V4. 
| 6. The output is taken from the center tap of 
| the plate winding of transformer T4 and is fed 
| through a choke input filter, consisting of choke 
14 and capacitors C5 and C6, to terminals 11 and 
12 of terminal board TB1. 

c. Two values of bias voltage are obtained from 
the bleeder-voltage divider network across the 
filter output. This network consists of resistors 
R3, R4, R5, and R6 connected in series and 
paralleled with resistors R7 and R8 in series. 
When the transmitter is keyed, carrier control 
relay S5 closes, and resistor R6 is shunted by the 


coil of bias underload relay S4. The adjustable 
tap on Rd is connected to output terminal 12 of 
terminal board TB1 and is adjusted to obtain 
—25 volts de. A 75-volt de output appears at the 
junction of R7 and R8 and is fed to output ter- 
minal 11 of TB1. 

d. The filament of V4 is connected across the 
5-volt winding of the transformer. Fuse F4 is an 
overload protection for the bias supply. 

e. A 6.3-volt winding on the transformer is con- 
nected to terminal 17 of terminal board TB1 and 
furnishes filament voltage to the subcarrier sec- 
tion of the goniometer. 


83. Control Circuits 
(fig. 67) 


Control circuits of Power Supply PP-1331/ 
FRN-20 are designed to delay the application of 
ac power to the plate transformers until filaments 
are at operating temperature and to open the ac 
line to the plate transformers, if there is a bias 
supply failure. 

a. Ac power at 115 volts is applied to terminals 
24 and 25 of terminal board TB1 and through 
PRI FUSES F1 and F2. Switch S2 is normally 
left in the ON position. The ac power is applied 
to transformers T2 and T4, to the heater of 
thermal relay S3, and through terminals 13 and 
15 on TB1 to the transmitter. When power is 
applied to transformers T2 and T4, the +-12 volts 
dc and the bias voltage are available immediately. 

6. Thermal relay S3 closes after 30 seconds and 
power is applied to plate supply transformers T1 
and T3 through panel interlock switch S1 and 
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the energized contacts of bias underload relay S4. 

ce. Bias underload relay S4 is energized by cur- 
rent from the bias supply through the energized 
contacts of carrier control relay S5. Relay S5 is 
| energized by the +12 volts de from rectifier D1 
when omni relay O 205 or O 302 (fig. 155) is 
} energized by dialing or when TEST KEY S4 on 
| the transmitter is pressed. Relay S5 can also be 
energized by the press-to-talk switch on the 
| microphone after the transmitting equipment has 
| been placed in a warmup condition. 


Section IV. 


| 84. Block Diagram 
(fig. 68) 


The modulation eliminator receives a small part 
| of the modulated RF carrier from the transmit- 
| ter, removes the modulation, and amplifies the 
| unmodulated carrier to the level required by the 
| goniometer. For complete circuit details, refer to 
) the overall schematic diagram (fig. 277). 

| a. The modulated RF carrier from the trans- 
| mitter is coupled to carrier amplifier V1, ampli- 
| fied, and a portion of the modulation removed. 
| The output is applied to envelope detector V3 
; and through a tuned pi network to the goni- 


| ometer. 


| 06. Tube V3 demodulates the carrier, and the 
| audio portion is coupled to limiting amplifier V2. 
c. Tube V2 amplifies the audio signal, and the 
| output is fed back to carrier amplifier V1. 

| d. De operating voltages for the modulation 
| eliminator are developed by rectifier V4. 

| e. A meter and meter-switching circuits are 
| provided to check the voltages and currents in the 
} modulation eliminator. 


| MODULATED RF CARRIER 
| FR 


RADIO TRANSMITTER 


vi 
T-573/FRN-20 6146 


+I175V OC 


1ISV AC 
FROM 
POWER SUPPLY 
PP-1331/FRN-20 


RECTIFIER 
v4 


SR4WGA 


CARRIER 
AMPLIFIER 


LIMITING 
AMPLIFIER 


d. One pair of contacts on relay S4 breaks the 
250-volt output and the other pair breaks the 115- 
volt line to plate transformers Tl and T3. Key- 
ing relay S6 has no function in the omnirange 
set. 

é. Two audio signals from the goniometer are 
carried through terminals 20 and 21 and terminals 
3 and 6 on terminal board TBI to the transmitter. 
Because these circuits are both above ground po- 
tential, only one wire is required to carry each of 
the two separate signals. 


THEORY OF MODULATION ELIMINATOR MX—1843/FRN—20 


85. Carrier Amplifier V1 
(fig. 69) 

Carrier amplifier V1 uses a 6146 to amplify the 
RF carrier from the transmitter and to remove 
a portion of the modulation. 

a. The modulated RF carrier is fed into the 
modulation eliminator through receptacle J2. 
Receptacle J1 is connected directly to receptacle 
J2 and the greater portion of the carrier passes 
out through receptacle J1 to the antenna. A 
small portion of the carrier is coupled to V1. 
Tube V1 operates as a moderately saturated class 
C amplifier. The time constant of coupling ca- 
pacitor Cl and grid resistor R1 is sufficiently 
short so that grid bias developed by grid current 
flowing through R1 will vary proportionately to 
the modulation envelope, thereby limiting the 
audio variations in the output. The input signal 
is of sufficient amplitude to drive V1 into satura- 
tion and cause clipping of the audio signal peaks. 

b. Most of the output is coupled to a tuned pi 
network through capacitor C5. A small portion 
of the RF signal is coupled through capacitor 


TUNED 
Pl 


TO 
ELECTRICAL GONIOMETER 


NETWORK GO-12/FRN-20 


ENVELOPE 


DETECTOR METER MI 


SWITCH S2 


TM2I5—100 


Figure 68. Modulation Eliminator MX-1843/FRN-20, block diagram. 
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Jl 


MODULATED 
RF CARRIER 
IN 


+175Vv OC 


Figure 69. 


C6 to envelope detector V3. The tuned pi net- 
work consists of variable capacitor C7, inductor 
L3, and capacitor C8. The network tunes to any 
frequency between 108 and 118 mc. Output of 
the network connects to 52-ohm coaxial receptacle 
J3. Parasitic suppressor E1 suppresses spurious 
oscillations, 

c. Plate voltage for V1 is obtained from rec- 
tifier V4 through plate load inductor L2, decou- 
pling inductor L5, and meter shunt resistor R7. 
Inductor L5 and capacitor C11 isolate the B+ 
supply from the RF voltages in the plate circuit 
of V1. 

d. Screen voltage is obtained from rectified V4 
through inductor L1 and resistor R2. 


86. Envelope Detector V3 
(fig. 70) 

Envelope detector V8 uses one-half of a 
6A LS5W dual diode to demodulate the signal from 
V1. 

a. A small portion of the RF signal is coupled 
through capacitor C6 to the plate of V3. In- 
ductor L4 is the input load for V3. 
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MODULATED RF CARRIER TO REFERENCE CARRIER 
FEED LINE 


PIS 


RF 
CARRIER 
OUT 


FROM PLATE OF LIMITING 
AMPLIFIER V2 


C——_——+ TO PLATE OF ENV. DET. v3 


TO METER SWITCH S2 
TM2!I5-1I01 


Carrier amplifier V1, schematic diagram. 


6. The positive half-cycle of the modulation 
envelope is developed in the cathode circuit across 
load resistor R5 in series with metering resistor 
R10. Capacitor C9 filters the RF signal from 
the output of V3. 


87. Limiting Amplifier V2 
(fig. 71) 


Limiting amplifier V2 uses a 6Y6G tetrode, 
connected as a triode, to amplify the audio signal - 
from V3. 

a. The audio signal from V3 is coupled through 
capacitor C4 to the control grid of V2. The 
audio signal in the plate circuit of tube V2 is 
inverted, because of normal vacuum tube charac- 
teristics, and is applied to the screen grid of V1 
through inductor Li. The inverted audio signal 
causes degeneration in V1, thereby removing the 
remaining modulation of the RF carrier. Induc- 
tor Li offers a high impedance to RF signals 
that might remain in the plate circuit of V2. 

_ 6. Self-bias is developed across the series ar- 
rangement of cathode resistor R3, SIDE BAND 
LEVEL control R9, and meter shunt resistor R8. 


cé6 ENV DET 

5 V3 
FROM PLATE 
OF CARRIER ~—_ 
AMPLIFIER VI 


Figure 70. Envelope detector V3, schematic diagram. 


The cathode is bypassed by capacitor C3. Re- 
sistor R4 is the grid load resistor. SIDE BAND 
LEVEL control R9 changes the bias of V2, thus 
increasing or decreasing the plate current. This 
action controls the output of the modulation elim- 
inator by changing the screen voltage of carrier 
amplifier V1. 

c. Plate voltage for V2 is obtained from recti- 
fier V4 through plate load resistor R2. 


88. Rectifier V4 
(fig. 72) 
Rectifier V4 uses a 5R4WGA full-wave recti- 


LIMITING AMPL 


ul 6Y6G 


TO SCREEN 
OF CARRIER 
AMPLIFIER VI 


FROM CATHODE 
OF ENV DET ee) 
V3 


L4 


| 

TO GRID 

as OF LIMITING 
“AMPLIFIER V2 


TO METER SWITCH S2 


TM215—102 


fier to develop +175 volts de for the plates and 
screens of the tubes in the modulation eliminator. 

a. The 115 volts ac from receptacle J4 is ap- 
plied to transformer T1 through fuse F1 and 
front panel interlock switch S1. A center-tapped 
high-voltage winding on T1 furnishes 275 volts 
ac to the plates of rectifier V4. 

b. The high-voltage winding center tap is con- 
nected through the contacts of power relay K1 
to ground when K1 is energized. Relay K1 is 
energized by —12 volts dc from the RE-248/ 
FRN-22 when the omni relays are energized by 
dialing. 


.Ol UF 
R3 
220 
RQ 
1,000 | siDE BAND 
LEVEL 


TO METER SWITCH S2 


TM215—103 


Figure 71. Limiting amplifier V2, schematic diagram. i 
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| CARRIER 


c. The output of V4 is filtered by a choke input 
filter consisting of choke L6 and capacitors C10 
and C12. Resistor R6 furnishes the necessary 
bleeder current and, for safety, provides a dis- 
charge path for capacitors C10 and C12 when the 
modulation eliminator is turned off. Filament 
voltage for V4 is supplied by a 5-volt winding 
on Tl. Filament voltage for V1, V2, and V3 is 
supplied by a 6.3-volt winding on transformer 
acy. 


FROM 
PLATE OF 


) AMPL VI 
LIMITER CATHODE 
SCALE 100 


Cll 


ahs 1,000 


FINAL AMP 
PLATE 
SCALE 500 


89. Meter Circuits 
(fig. 73) 

Metering is accomplished by meter M1, three- 
position meter switch S2, and either a current 
shunt resistor or a voltage multiplier resistor in 
the circuit to be metered. The full-scale range 
of meter M1 is 1 milliampere with an internal 
resistance of 1,000 ohms. Each shunt or multi- 
plier resistor is connected to a pair of contacts 
on the switch. 


R8 
10 


FROM CATHODE OF 
LIMITING AMPL v2 


+175V DC 


FROM CATHODE 
OF ENV DET v3 


TM215—105 


Figure 73. Meter circuits, schematic diagram. 


Section V. THEORY OF ELECTRICAL GONIOMETER GO—12/FRN-20 


90. Block Diagram 
(fig. 74) 

The goniometer couples the unmodulated RF 
output of the modulation eliminator to the varia- 
ble sections of the antenna and develops a fre- 
quency-modulated subcarrier that amplitude- 
modulates the transmitter for reference carrier 
output. The goniometer also provides level ad- 
justment and mixing of the subcarrier and identi- 
fication signals or the subcarrier and voice-modu- 
lating signals before they modulate the trans- 
mitter. For complete circuit details, refer to the 
overall schematic diagram (fig. 278). 

a. Goniometer capacitor C17 receives unmodu- 
lated RF power from the modulation eliminator 
through a balun matching transformer. Two RF 


543137 O—60——_7 


outputs from capacitor C17 are fed through balun 
matching transformers to the two variable car- 
rier sections of the antenna. The goniometer ca- 
pacitor outputs vary in amplitude sinusoidally 
and reverse in polarity at a 30-cps rate. The 30- 
cps rate is produced by rotating capacitor C17 
at 1,800 revolutions per minute (rpm). The two 
variable carrier sections of the antenna are phys- 
ically displaced by 90°; therefore, the two out- 
puts of the goniometer capacitor are electrically 
displaced by 90°. 

6. The rotor of FM capacitor C18 is coupled 
to the shaft of goniometer capacitor C17 and 
varies the output frequency of swept oscillator 
V1B sinusoidally at the 380-cps rate. 

c. Swept oscillator V1B has a center frequency 
of 200 ke and is swept 480 cps above and below 
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Figure 74. Electrical Goniometer GO-12/FRN-20, block diagram. 


that center frequency by FM capacitor C18. The 
output of oscillator V1B sweeps between 199.520- 
200.480 ke sinusoidally at the 30-cps rate. The 
low impedance output is fed to one section of 
mixer tube V2. 

d. Fixed oscillator V1A generates a signal fre- 
quency of 190.040 ke which is fed to the second 
section of mixer V2. 

e. Mixer V2 combines the RF outputs of the 
swept oscillator and the fixed oscillator to pro- 
duce the sum and difference frequencies in its 
output. The difference frequency is selected; it 
is the 9,960-cps FM subcarrier having a frequency 
deviation of 480 cps at a 30-cps rate. 

f. The subcarrier output from mixer V2 is 
coupled to output amplifier V3. The low imped- 
ance output of V3 is fed to SUB CARRIER 
LEVEL attenuator R18. 

g- The signal from V8 is applied to SUB 
CARRIER LEVEL attenuator R18 to provide 
a’ means of adjusting the subcarrier modulation 
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level to 80 percent. The FM subcarrier ampli- 
tude-modulates the transmitter and the transmit- 
ter output becomes the reference carrier. 

h. IDENTIFICATION LEVEL attenuator 
R17 is used to adjust the modulation level of the 
voice or keyed tone signals to the transmitter. 
Attenuators R17 and R18 also provide a mixing 
network which presents a constant line impedance 
to the transmitter modulator. 

z. Motor B1 is chain belt coupled to the com- — 
mon shaft of goniometer capacitor C17 and FM 
capacitor C18 and rotates these capacitors at 
1,800 rpm. Frequency-regulated ac power at 115 
volts is supplied to the motor by the O-371/ 
FRN-20 and may have a frequency of 50 or 60 
cps. The selection of the motor pulley size pro- 
vides for the correct capacitor speed, which is — 
determined by the synchronous motor speed. 

). The PP-1331/FRN-20 supplies 6.3 volts ac 
for filaments and +250 volts de for plate volt- 
ages. 


k. Voltage regulator V4 reduces the +250 
volts de and provides regulated +105 volts de. 


91. FM Capacitor C18, Goniometer Capaci- 
tor C17, and Motor BI 
(figs. 75 and 76) 

FM capacitor C18 is used to develop the FM 
subcarrier modulation for the transmitter, and 
goniometer capacitor C17 couples to the antenna 
the unmodulated RF power which varies sinus- 
oidally in amplitude and polarity. Motor B1 
rotates capacitors C17 and C18 at 1,800 rpm from 
a 115-volt 50- or 60-cycle source. The motor ro- 
tates in a counterclockwise direction when viewed 
from the pulley end. 

a. FM capacitor C18 is a two-section variable 
tuning capacitor on a single shaft. The two sta- 
tors are displaced physically by 180° and the 
interconnected rotors mesh equally with their 
respective stators at all positions of the common 
rotor shaft. The sections are positioned so that 
the rotor of one capacitor section does not mesh 
with the stator of the other section. The rotors 
are Shaped to produce sinusoidal frequency varia- 
tions. One stator of capacitor C18 is grounded 
and the other is connected to the tuned circuit of 
swept oscillator V1B. 

6. Goniometer capacitor C17 is a three-section 
variable capacitor. Section C17B provides con- 
stant RF power coupling between balun T2 and 
capacitor sections C17A and C17C. The two ca- 
pacitors of section C17B are identical, and each 
is made up of two disk-type stator plates sur- 
rounding one rotor plate. Balun T2 connects to 
the stator plates of the coupling capacitors. Sec- 
tions C17A and C17C are made up of four iden- 
tical variable capacitors. The two stators of each 
section are aligned so that the two rotors will 
mesh with either stator (fig. 76). The stators of 
section C17A are displaced 90° from the stators 
_ of section C17C. The rotors are paired on a com- 
mon ceramic shaft so that one rotor of section 
C17A is connected to the rotor of section C17C, 
which is at the same position with respect to shaft 
rotation. Input RF power is applied to the 
paired rotors of sections C17A and C17C by the 
rotors of the coupling capacitors in section C17B. 
Because of the capacitance between paired rotor 
connections along the common shaft, a ring in- 
ductance has been placed in section C17B and 
connected between the rotor pair to cancel this 
undesirable capacitance. The stators of section 


C17A are connected to balun RF matching trans- 
former T1, and the stators of section C17C are 
connected to balun T38. Equivalent circuits for 
the balun matching transformers are shown in 
figure 75. 

c. In figures 75 and 76 the rotors of C17 have 
been assigned polarities and the stators have been 
numbered. The polarities are based upon the in- 
stantaneous polarities shown at the output of 
balun matching transformer T2. The amplitude 
and polarity of the voltage coupled to the rotors 
of C17 remain constant, regardless of rotor posi- 
tion. The equivalent circuits of baluns T1 and 
T3 are shown (fig. 76) with the stator plates of 
each section, C17A and C17C, effectively push- 
pull connected to their respective baluns. The 
waveforms in figure 76 are plots of relative volt- 
age amplitude and polarity, referenced to ground. 
An example of calculating the output follows: 
The maximum voltage of output No. 2 occurs at 
45°. If this voltage were 1 volt, the voltage at 
90° would be 0.707 volt, neglecting losses. The 
outputs of any pair of stators cannot be added 
to produce the output No. 1 or No. 2 shown. 

d. An azimuth plate (fig. 30), calibrated 0° 
through 360° on the goniometer capacitor hous- 
ing is attached to the common rotor shaft. The 
azimuth plate indicates the relative position of 
the rotors with respect to the voltage curves of 
figure 76 and the actual bearing output of the 
variable carrier signal from the antenna. As 
shown, at 0° the positive voltage coupled to sta- 
tor No. 1 is added to the negative voltage of sta- 
tor No. 3 in matching transformer T1 and results 
in a positive voltage of 0.707 volt at output No. 1. 
At the same instant, the positive voltage coupled 
to stator No. 2 and added to the negative voltage 
of stator No. 4 results in a positive voltage of 
0.707 volt at output No. 2. Therefore, at 0°, both 
variable carrier sections of the antenna are fed 
voltages of equal amplitude and polarity. At 
45°, the combined voltages of stators No. 1 and 
No. 3 produce 1 volt at output No. 1, but the com- 
bined voltages of stators No. 2 and No. 4 result 
in zero voltage at output No. 2. At 45°, only one 
variable carrier section of the antenna is being 
excited. Rotation to 90° results in a positive 
voltage of 0.707 volt at output No. 1, but combin- 
ing stator No. 2 and stator No. 4 voltages results 
in a negative voltage of 0.707 volt at output No. 
2. At this time, one variable carrier section of 
the antenna is excited with a positive voltage 
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while the other is excited with a negative voltage. 
Later discussion on the antenna (pars. 98-102) 
will show how these varying amplitudes and po- 
larities produce the required bearing information. 

e. Synchronous motor B1 rotates at 1,800 rpm 
on 60-cycle power or 1,500 rpm on 50-cycle power. 
The FM and goniometer capacitors are driven at 
1,800 rpm by proper selection of motor pulleys. 
Ac power at 115 volts, 50 or 60 cps is supplied to 
motor B1 by AM-1247/FRN-20 and maintains 
the required 1,800 rpm speed of the FM and 
goniometer capacitors. Power connection to the 
motor is made through receptacle J6, fuse F1, 
and terminal board E1. Capacitor C21 shifts the 
phase of the input power to one of the two motor 
stator windings to give the motor the proper 
torque. 


92. Swept Oscillator V1B 
(fig. 77) 

Tube V1B is one-half of a 12AU7WA dual tri- 
ode connected in a grounded-plate Hartley oscil- 
lator circuit to produce a center frequency of 200 
kilocycles (ke). 

a. A parallel-tuned circuit consisting of induc- 
tor L2 and capacitor C5 is shunted by motor- 
driven FM capacitor C18 to produce a sinusoidal 
variation in frequency of 480 cycles above and 
below the center frequency of 200 ke. This fre- 
quency variation occurs at the 30-cps rotational 
rate of C18. 

6. FM capacitor ©18, located inside the FM 
and goniometer capacitor housing, is connected to 
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Swept oscillator V1B, schematic diagram. 


the grid circuit of tube V1B through plug P1 
and receptacle J2. The stators of C18 are ro- 
tatable a few degrees by fine course adjustment 
screw H1 (fig. 228). This adjustment is required 
to compensate for a slight installation misaline- 
ment of the antenna in relation to magnetic 
North. 

c. Feedback to sustain oscillations is supplied 
by the cathode to the tap of inductor L2. Grid 
bias is developed by resistor R2 and capacitor C7. 

d. Capacitor C8 maintains the plate at RF 
ground potential, and plate voltage is applied 
through resistor R4. 

e. The signal output is coupled from the cath- 
ode to the input of mixer V2 through capacitor 
C10. 


93. Fixed Oscillator VIA 
(fig. 78) 
Tube V1A is one-half of a 12AU7WA dual 


triode connected in a grounded-plate Hartley os- 
cillator circuit to produce a signal of 190.040 ke. 


a. A parallel-tuned circuit consisting of induc- — 


tor L1 and capacitor C1 resonates at 190.040 ke. 
Oscillations are sustained by feedback from the 
cathode to a tap on inductor Lil. Grid bias is 
developed by grid resistor R1 and capacitor C3. 

b. Capacitor C4 maintains the plate at RF 
ground potential; regulated plate voltage is sup- 
plied through resistor R3. 

c. The output is coupled to mixer V2 through 
capacitor C9. 
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Figure 78. Fired oscillator V1A, schematic diagram. 


94. Mixer V2 
(fig. 79) 

A 6BE6W heptode is used as a mixer to com- 
bine the swept oscillator (V1B) and fixed oscil- 
lator (V1A) output signals and produce the dif- 
ference frequency. The difference frequency is 
then coupled to output amplifier V3. 

a. The FM signal from swept oscillator V1B 
is coupled through capacitor C10 to the injector 
grid (pin 7) of V2. The injector grid de return 
is through resistor R6 to the junction of cathode 
bias resistors R8 and R7. This is done to apply 
a portion of the self-bias on V2 to the injector 
grid. The signal from fixed oscillator V1A is 
coupled. through capacitor C9 to the control grid 
(pin 1) of V2 across grid de return resistor R5. 
Capacitor C11 maintains the cathode at RF 
ground potential. 

6. The sum and difference of the two input fre- 
quencies appear at the plate (pin 5) of V2. In- 
ductor 1.3, resistors R10 and R11, and capacitors 
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C12 and C13 form a low-pass filter which will 
pass only the difference frequency to coupling 
‘apacitor C14. The difference frequency, vary- 
ing from 9,480 to 10,440 cps at a 30-cps rate, is 
the subcarrier signal and is coupled through ca- 
pacitor C14 to output amplifier V3. 

c. Plate voltage for V2 is obtained from volt- 
age regulator V4 through plate load resistor R10. 
Screen-grid voltage is supplied by V4 through 
dropping resistor R9. Capacitor C19 maintains 
the screen grid at RF ground potential. 


95. Output Amplifier V3 
(fig. 80) 


Output amplifier V3 is a 6AQ5W pentode con- 
nected as a triode cathode follower to provide a 
low impedance subcarrier signal input to atten- 
uator R18. The subcarrier signal from mixer V2 
is coupled through capacitor C14 to the control 
grid of V3 across grid de return resistor R12. 
Capacitor C16 maintains the plate of tube V3 at 
RF ground potential. The de plate voltage is 
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Figure 79. Mixer V2, schematic diagram. 
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Figure 80. Output amplifier V3, schematic diagram. 


supplied from voltage regulator V4 through re- 
sistor R14. The subcarrier output signal is de- 
veloped across cathode-biasing resistor R18 and 
coupled through capacitor C15 to receptacle J1. 


96. Voltage Regulator V4 
(fig. 81) 

Voltage regulator V4 provides regulated +105 
volts de for plate and screen grid requirements 
of the subearrier sections. A potential of +250 
volts de from the PP-1331/FRN-20 is applied 
through connectors P1812 and J7 (pin 9) to a 
ripple filter consisting of reactor L+ and capaci- 
tor C20. The output of the ripple filter passes 
through connectors J7, P1812 (pin 10), P1801, 
J1 (pin 3), and voltage dropping resistor R15 
to the regulated +105-volt de bus. Voltage reg- 
ulator V4 varies the current load through the 
dropping resistor to maintain +105 volts de. 
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Figure 81. 
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97. Attenuator R17 and R18 
(fig. 82) 

IDENTIFICATION LEVEL attenuator R17 
and SUBCARRIER LEVEL attenuator R187 
mix the identification, voice, and subearrier sig- 
nals into a common line to the transmitter modu- ~ 
lator. The levels are adjusted to obtain the 
correct percentage of modulation. 

a. Keyed tone or voice signals from RE-248/— 
FRN-22 are fed through connectors P1812 and— 
J7 (pin 1) to IDENTIFICATION LEVEL at 
tenuator R17. The output of R17 passes through 
connectors J7 and P1812 (pin 7) to terminal” 
board TB1 (terminal 20) of the PP-1331/FRN-~ 
20. The subcarrier signal from receptacle J1 of 
output amplifier V3 is fed through connectors — 
P1812 and J7 (pin 3) to SUBCARRI BES 
LEVEL attenuator R18. The output of R18- 
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Voltage regulator V4, schematic diagram. 
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Figure 82. Attenuators R17? and R18, schematic diagram. 


passes through connectors J7 and P1812 (pin 8) 
to terminal board TB1 (terminal 21) of the 
PP-1331/FRN-20. 

6. The common output connection at the modu- 
lator of the transmitter is maintained at a con- 


stant Impedance because increasing resistance of 
one ganged control section will decrease the re- 
sistance of the other proportionately. 

c. For interunit theory of modulating circuits, 
refer to paragraphs 210 through 213. 


Section VI. THEORY OF ANTENNA AT-669/FRN—22 


98. General 
(fig. 83) 


The antenna is a four-slot cylindrical type that 
radiates a VHF omnirange signal consisting of 
a reference carrier and two variable carrier sig- 
nals. The four equally spaced longitudinal slots 
in the wall of the cylindrical cavity are the 
radiating elements. The slots are excited by 
three independent feeder lines so that one circu- 
lar radiation pattern and two figure-of-eight 
patterns are obtained. When the antenna is used 
with the goniometer, a rotating eccentric variable 
carrier lobe is produced which provides for space 
modulation and phase comparison with the ref- 
erence carrier. The antenna is tunable from 108 
to 118 me. The shelter roof serves as a counter- 
poise for the antenna. 

a. The four parallel slots, equally spaced 
around the metal cylinder, are designated north- 
west, northeast, southeast, and southwest. The 
slots have fins along the vertical edges which 
produce capacitive slot loading and support the 
adjustable bridge circuits. Small adjustable ca- 
pacitors are across each slot to compensate for 
Manufacturing tolerances in slot dimensions. 


The variable carrier internal feeder lines are in- 
closed in metal tubing and terminated on the 
antenna wall near the lower end of the slots. 
The reference carrier uses open feeder lines from 
the feed plate terminated at the upper end of the 
slots. 

6. The antenna is centered and oriented so the 
black vertical mark and the letter “N »’ between 
the northeast and northwest slots, are facing 
magnetic North. The three antenna feed lines, 
the antenna heater cables, and the obstruction 
light cables are routed through the center tube 
of the antenna into the pedestal. 


99. Antenna Slots and Slot Tuning 
(fig. 84) 

The four radiation slots of the antenna are 
approximately 4% wavelength long by 0.15 wave- 
length wide and are cross-connected by upper 
and lower reactance bridge circuits. Tuning 
adjustments of the slots are made by reposition- 
ing the bridge assemblies on inductive slot ex- 
tensions and adjusting capacitor plungers. 

a. The reactance bridges are identical and have 
adjustable inductive and capacitive elements 
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Figure 83. Antenna AT-669/FRN-22, slot locations and slot feed lines. 


which may be adjusted without upsetting radi- 
ation symmetry. Inductive adjustment is made 
by sliding the complete bridge up or down on 
the tuning bars mounted at the ends of the load- 
ing fins. Capacitive adjustments are made by 
sliding the capacitor plunger in or out of the 
stator ring mounted in the bridge center. Both 
inductive and capacitive elements have gradu- 
ated scales which are used with the tuning chart 
furnished with the antenna. Increasing induct- 
ance across the antenna slot effectively shortens 
the slot and raises the resonant frequency. In- 
creasing the capacity across the antenna slot 
effectively lengthens the slot and lowers the 
resonant frequency. By cross-connecting op- 
posite pairs of slots, the impedance between the 
opposite pairs is effectively placed across each 
slot. Because of the cross-connected impedance, 
characteristic antenna radiation symmetry is 
maintained at all frequencies when the antenna 
is properly resonated and the four slots have 
been tuned. 

6. ‘The antenna is tuned in two basic steps with 
only one carrier exciting the slots at a time. 
While the variable carrier is exciting the an- 
tenna, points of equal amplitude but opposite 
polarity are produced across diagonally opposite 
slots (A, fig. 84). Junctions No. 1 and No. 2 
are at zero potential and the lengths of the cross- 
connected conductors determine the value of in- 
ductance shunted across the slots. The length 
of the conductors is adjusted by sliding the 
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bridge assemblies up or down on the slot exten- 
sions. 
fins raises the resonant frequent of the slot. 


c. When the reference carrier is exciting the © 


Sliding the bridges away from the slot — 


antenna, the lengths of the cross-connecting con- | 


ductors is immaterial because they cross-connect 


slot fins of equal amplitude and polarity (B, fig. © 


84). 


Junctions No. 1 and No. 2 are at a differ- © 


ence of potential, and a change in capacity _ 
across these two junctions will be reflected — 


across the slots. 


Increasing capacity will effec- | 


tively lengthen the slots and lower their resonant — 
frequency. Thus, there are two independent an-— 
tenna tuning adjustments; locating the bridges — 
on the slot extensions during variable carrier — 
excitation and the adjustment of capacitors C3_ 


and C4 during reference carrier excitation. In 


actual practice, the bridges are positioned on — 
graduated scales from the tuning chart furnished — 
with the antenna; minor adjustments are made © 


at the lower bridge if necessary. 


d. When a potential is applied across a slot — 


through a coaxial line, current flows around the 


slot (C, fig. 84). If the slot is relatively narrow | 
in terms of wavelength, vertically polarized radi- — 
ation caused by the vertical portions of the - 


currents around the slot cancel. 


tions of the current around the slot. Vertical 


Horizontally © 
polarized radiation is the only radiation from — 
the slot and is produced by the horizontal por- 


polarization (par. 101) is undesirable in omni- | 


range signals. 
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Figure 84. Antenna slot tuning, schematic diagram. 


100. Feed Lines and Feed Line Tuning 
(fig. 85) 


Three feed lines are used to couple the RF 
| power from the shelter to the antenna. The 
| feed lines maintain complete isolating between 
| the two variable carrier outputs and the refer- 
| ence carrier output, while performing impedance 
matching functions. Correct slot excitation 
| polarities and cancellation of undesirable reac- 
tive components of the slots are obtained by 
specific feed line sections. Each of the three 
coaxial feed lines therefore presents to the trans- 
mitter and modulation eliminator a_ resistive 
load of 50 ohms. 

| « The four antenna slots are excited by the 
reference carrier with four 200-ohm open wire 
transmission lines, which terminate near the 
upper end of each slot. Each slot termination 
is on the antenna wall adjacent to the point at 


which the loading fins attach. Each feed line 
excites the slot in the same direction and uses 
the antenna wall as the return path for the 
excitation. Because the slots are excited identi- 
cally, a continuous field is produced around the 
antenna and an omnidirectional pattern radi- 
ated. The four 200-ohm lines are approximately 
one-quarter wavelength long and join at the cen- 
ter of the antenna. At this center point, a 50- 
ohm coaxial cable is attached and is routed out 
of the antenna to the reference carrier output of 
the transmitter. A small capacitor is formed 
between the junction of the four open wire lines 
and the plate to which the coaxial cable con- 
nects. The small capacitive reactance presented 
by this capacitor cancels the inductive reactance 
present at the junction. This cancellation results 
in a purely resistive feed point with a very low 
standing wave ratio on the feed line from the 
transmitter. 
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Figure 85. Feed points and feed line tuning diagram. 


| to the antenna slot. 


6. The four resonant antenna slots have an in- 
dividual impedance of approximately 70 ohms 
and considerable capacitive reactance because of 
the loading fins. Each variable carrier feed line 
is a 50-ohm coaxial line, and the two systems 
are identical in construction. Therefore, the fol- 
lowing discussion for variable carrier output No. 1 
will also apply to output No. 2, except that the 
RF energy in them is 90° out of phase. The two 
coaxial lines feeding one pair of slots with vari- 


| able carrier power are not connected directly 


across the slots. The outer conductor connects 
to the antenna wall adjacent to the lower end 
of the slot, and the inner conductor crosses the 


| slot and joins the inner conductor of a coaxial 


stub. By connecting the outer conductor of the 
stub to the antenna wall on the opposite side of 
the slot with the far end shorted, the stub is 
effectively in series with the coaxial feed line 
The coaxial stub is less 


| than one-quarter wavelength long and inductive. 
| The stub length is cut to reflect the correct in- 
| ductive reactance to cancel the capacitive re- 


actance of the antenna slot. The two coaxial 
cables feeding the two antenna slots are ap- 
proximately one-quarter wavelength long be- 
tween the tee block and the slot. Each line has a 
characteristic impedance of 100 ohms and con- 
verts the 70-ohm slot resistance to 150 ohms. 
Paralleling the two 150-ohm ends in the tee block 
produces a 75-ohm resistive value at a common 


| input terminal in the tee block. The tee block 


is effectively feeding RF power into the center 
of a coaxial line, which is one-half wavelength 


| long and connected between diagonally opposite 


} antenna slots. 


The polarities of energy at the 


| ends of a line one-half wavelength long are re- 
versed and therefore the polarities of the slots 


are reversed. 
c. The impedance output of the modulation 


| eliminator is 50 ohms, and the impedance of the 


| tee block common input is 75 ohms. 


To match 


| these two impedances, a 50-ohm coaxial line 
| three-eighths wavelength long is connected to 


the common input of the tee block. The other 
end of the line is terminated in a capacitor box. 


| Capacitor C1 (C2 for line No. 2) is shunted 


across the line to cancel the inherent inductive 


| reactance of a three-eights wavelength line. 


Therefore the input impedance is purely re- 
sistive and matched to the 50-ohm feed line from 
the modulation eliminator. 


101. Radiation Patterns 
(figs. 86-88) 


The radiation pattern from the antenna is the 
result of an omnidirectional reference carrier 
and a clockwise-rotating eccentric lobe, produced 
by the variable carrier. The reference carrier is 
the reference signal with which the rotational 
position (phase) of the variable carrier is com- 
pared at a specific instant (fig. 87). The eccen- 
tric variable carrier lobe is produced by vector 
addition of the reference carrier omnidirectional 
pattern and the two variable carrier figure-of- 
eight patterns at a specific time. The specific 
time is measured in degrees of arc from mag- 
netic North clockwise. The eccentric variable 
carrier lobe rotates at the 30-cps rate, and the 
point of azimuth at which the resulting vector 
maximum falls, at a specific instant, is known 
as a radial. All radials are referenced to mag- 
netic North regardless of antenna geographic 
location. 

a. Vertically polarized radiation is undesirable 
(par. 99d) and is held to a minimum by the slot 
dimensions of the antenna. Also, the size of the 
counterpoise under the antenna and the distance 
of the counterpoise from the antenna govern 
vertical radiation. The shelter has been designed 
and positioned to reflect as small a vertical radi- 
ation component as is practicable. Any vertical 
radiation, mixed with horizontal radiation, will 
be slightly out of phase with the horizontal 
radiation at the receiving antenna and will cause 
bearing errors. These errors will be more pro- 
nounced close to the station and vary with the 
receiving antenna altitude and attitude. The 
cone of confusion, which indicates over-the-sta- 
tion position to the pilot, will be extremely 
erratic when too much vertically polarized radi- 
ation exists. To help prevent this, the overall 
design has reduced the vertical radiation to a 
negligible minimum and produces only horizon- 
tally polarized radiation fields. 

b. The reference carrier radiation pattern is 
horizontally polarized and circular with the an- 
tenna at the center (fig. 88). Because all an- 
tenna slots are excited equally and in the same 
polarity, the phase of the reference carrier radi- 
ation pattern is the same at any point of azimuth 
around the antenna. The field strength at a 
given distance from the antenna is also the same 
at any point of azimuth around the antenna. 
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Figure 86. Antenna AT-669/FRN-22, figure-of-eight radiation pattern. 


c. The two variable carriers, displaced elec- 
trically by 90°, excite pairs of antenna slots 
which are displaced physically by 90° (fig. 86). 
Variable carrier No. 1 excites the northwest/ 
southeast slots, and No. 2 the northeast/south- 
west slots. This displacement configuration does 
not change physically at any time. The figure- 
of-eight radiation patterns produced by the slot 
pairs take the form of two diagonally opposite 
circular fields of opposite radiation polarity. 
The magnitude, or field strength, of the polarized 
fields varies from zero to a fixed maximum, and 
the polarity reverses. These changes are con- 
trolled by the output delivered to the slot pair 
by the goniometer. When equal power and like 
polarities are fed to the antenna slots from the 
goniometer, the radiation pattern shown in figure 
86 is produced (no reference carrier input). By 
vector addition, a resultant figure-of-eight pat- 
tern is produced. The individual slot lobes add 
to produce one resultant north and south figure- 
of-eight pattern. 
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d. Rotation is supplied to the resultant figure- — 
of-eight radiation pattern by varying the ampli- | 
tude and polarity relationship between the two 
In A, figure 87, the north- — 
west/southeast slots are receiving maximum ex- | 


antenna slot. pairs. 
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citation while the northeast/southwest are at zero : 


excitation. 


This places the resultant lobe at 


315°. However, the excitation to the northwest/— 
southeast slots has been reduced, but the excita- — 


tion to the northeast/southwest slots is increas- _ 
ing. The resultant radiation pattern has moved — 


to 337.5°. C in figure 87 duplicates figure 86 
and results in movement to 0°. 


Progressing — 


6 ges eet 


from 315° through 45°, the northwest and 


northeast minor lobes were all positive, and 
In Be 
figure 87, the polarity of the northwest/south-_ 
east fields have reversed, but because of their low 
amplitude in comparison to the northeast/south-_ 
west fields, the resultant radiation pattern moves 
Thus, figure 86 indicates the | 
method by which the resultant radiation pattern | 


amplitude variations produced rotation. 


smoothly to 67.5°. 
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Figure 88. Antenna AT-669/FRN-22, total radiation pattern. 


is rotated through 180° and, 
through 360°. 

-e. The application of reference carrier and 
variable carrier excitation to the antenna simul- 
taneously does not affect the reference carrier 
radiation pattern but does alter the resultant 
variable carrier figure-of-eight pattern. This 
change is necessary to give specific identity to 
the eccentric rotating variable carrier radiation 
pattern. The eccentric variable carrier pattern 
(fig. 88) has been stopped at the in-phase and 
magnetic North position for discussion purposes. 
The resultant figure-of-eight, figure 86 is shown 
in broken lines and the lobes designated A and B. 
At this time, the reference carrier field is posi- 
tive. With the field of variable carrier lobe A 
also positive, lobe A and the reference carrier 
are additive, and the resultant lobe is enlarged. 
Simultaneously, variable carrier lobe B is nega- 
tive, and being superimposed on the positive 
reference carrier field, is partially canceled. This 
vector addition between reference carrier and 
variable carrier fields produces the final eccen- 
tric variable carrier radiation pattern. Because 
variable carrier lobe A is always in phase with 
the reference carrier radiation field, the variable 
carrier eccentric lobe will rotate 360° in the 
same configuration. The rotating eccentric vari- 
able carrier lobe, combined with the reference 
carrier, produces the space-modulated, phase- 
sensitive signal required in omnirange naviga- 
tion. 

f. Space modulation is a form of amplitude 
modulation which requires two carriers on the 
same frequency to be in phase. One carrier re- 
mains fixed in amplitude while the other must 
vary to add to, or subtract from, the fixed car- 
rier. The modulation therefore takes place in 
space, and the two signals received by the re- 
celver combine and vary in amplitude. Space 
modulation is similar to some types of fading 
and flutter in receivers when receiving both a 
groundwave and a reflected skywave. In the 
omnirange signal, the two carriers remain at 
constant amplitudes. Because of the rotation 
of the eccentric variable carrier lobe, the receiv- 
ing antenna will receive varying amounts of sig- 


subsequently, 


nal, depending on the position of the variable 
varrier lobe maximum or minimum. The ratio 
between the power in the reference carrier radi- 
ation field and the variable carrier field deter- 
mines the percentage of modulation at the 
receiver. If the radiation field of lobe A (fig. 
88) were equal to the reference carrier in am- 
plitude, 100 percent modulation would result. 
The amount of variable carrier power delivered 
to the antenna in omnirange systems is adjusted 
to produce 80 percent modulation. The variable 
carrier is rotated at a 30-cps rate by the variable 
carrier outputs from the goniometer. 

g. To interpret the signals radiated by the 
antenna, a double-detection (FM and AM) VHF 
receiver is used. The reference carrier is ampli- 
tude-modulated by a 9,960-cps subcarrier which, 
in turn, is frequency-modulated at 30 cps. The 
receiver extracts from the reference carrier this 
30-cps signal and compares the phase with that 
of the 30-cps modulation produced by the ro- 
tating variable carrier. The goniometer syn- 
chronizes the two transmitted 30-cps modulations 
at magnetic North. Thus, if the receiving an- 
tenna is located directly north of the omnirange 
antenna, both received 30-cps signals will be in 
phase. If the receiving antenna is directly east 
of the antenna, the variable carrier 30-cps signal 
will lag behind the reference 80-cps signal by 
90°. The receiver accurately measures the phase 
difference between the reference 30-cps signal 
and the variable 30-cps signal with relation to 
magnetic North. 


102. Antenna Heaters 
(fig. 89) 


Four heater elements are mounted between the 
slots on the interior of the antenna, to prevent 
the accumulation of moisture and fungus on the 
antenna interior and the formation of ice on the 
exterior. The four heaters are connected in 
series-parallel and operate on 115 volts ac sup- 
plied through circuit breaker KK1002 on the an- 
tenna pedestal. Total power dissipation of the 
heaters is 225 watts. The heaters are shielded 
and connected to the antenna wall to prevent RF 
energy feedback into the powerline. 
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Figure 89. Antenna AT-669/FRN-22 heaters, schematic diagram. 


Section Vil. THEORY OF AUDIO FREQUENCY OSCILLATOR 
O-371 /FRN—20 


103. Block Diagram 
(fig. 90) 


The O-371/FRN-20 produces a frequency- 
regulated power signal which is amplified to 115 
volts by AM-1246/FRN-20 and then supplied to 
the motor of the goniometer. If the frequency 
of the main ac power is 60 cps, the O-871/ 
FRN-20 is adjusted for an output frequency of 
50 cps. If the frequency of the main ac power 
is 50 cps, the O-371/FRN-20 is adjusted for an 
output frequency of 60 cps. The 10-cycle sepa- 
ration prevents beat frequencies between the 
oscillator frequency and the main ac power fre- 
quency when the output of the O-871/FRN-20 
is fed to the AM-1246/FRN-20. Beat frequen- 
cles result in slight variations in output voltage, 
which would cause the goniometer motor to op- 
erate erratically. The signal path is shown in 
the block diagram and is discussed in a through 
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h below. 


in separate envelope). 
a. Oscillator amplifier V901 develops either a 
50- or 60-cycle signal. This signal is amplified 


and fed to oscillator cathode follower V902B. 


For complete circuit details, refer to ‘ 
the overall schematic diagram (fig. 279, contained 


b. Oscillator-cathode follower V902B provides — 


a low impedance feedback through a phase-shift s 
Tube | 
V902B also feeds a small portion of the signal 
to oscillator detector V902A. The output of 


network to the oscillator section of V901. 


V902B is coupled to controlled amplifier V903. 


c. Oscillator detector V902A receives a small — 


portion of the signal from V902B, detects and t: 


filters it, and furnishes a negative de bias to — 


V901. 


AM-1246/FRN-20. 


d. Controlled amplifier V903 amplifies the sig- 4 
nal received from V902B and couples it to the ~ 
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Figure 90. Audio Frequency Oscillator O-371/FRN-20, block diagram. 


e. Age detector V906 rectifies a portion of the 
115-volt frequency-regulated signal. The recti- 
fied signal is then filtered to obtain a negative 
bias which is applied to V903. 

f. De operating voltages for the O-371/F RN- 
20 are supplied by rectifier V904. 

g. Tube V905 furnishes a regulated voltage to 
control the operating point of tube V906 and 
furnishes operating voltages for V901 and V902. 

h. Motor control relays K901 and K902 per- 
mit the goniometer motor to start on power sup- 
plied by the 115-volt ac line and, after a time 
delay, switch the motor to the frequency-regu- 
lated 115-volt output of the AM-1246/FRN-20. 


104. Oscillator Amplifier V901 and Oscil- 
lator Cathode Follower V902B 
(fig. 91) 

Oscillator amplifier V901 uses a 6AU6WA 
pentode as one section of a two-section, phase- 
shift oscillator, Oscillator cathode follower 
V902B uses one-half of a 12ZAU7WA twin triode 
as the other section of the oscillator to provide 
a low impedance feedback circuit. 


a. Tube V901 develops a stable 50- or 60-cycle 
signal which is amplified and coupled to the grid 
of V902B through capacitor C906. The output 
of V901 is maintained at a constant level by an 
age bias voltage from oscillator detector V902A. 
Self-bias is developed across cathode resistor 
R906, which adds to the age bias applied through 
grid resistor R904. 

b. Plate voltage is obtained from voltage regu- 
lator V905 through plate load resistor R908. 
Screen voltage is obtained from voltage regulator 
V905 through screen dropping resistor R90V. 
The screen is bypassed to ground by capacitor 
C905. 

c. Tube V902B receives the signal from V901 
through coupling capacitor C906 and develops 
three low impedance outputs in its cathode cir- 
cuit. 

d. The oscillator output signal developed 
across cathode resistor R912 is coupled through 
capacitor C907 to the grid of controlled ampli- 
fier V908. An output signal developed across 
cathode resistors R910, R911, and R912 is fed 
back to the grid of V901 through a three-section, 
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Figure 91. 


phase-shift network. One section consists of 
capacitor C901 and resistor R901. Another sec- 
tion consists of capacitor C902, resistor R903, 
and OSC FREQ control R902. <A third section 
consists of capacitor C903 and resistor R904. 
A phase shift of 60° is obtained in each section, 
making a total phase shift of 180° through the 
network. The amount of phase shift in each 
section increases as the frequency decreases or 
decreases as the frequency increases, providing 
frequency regulation of the oscillator. This 
180° phase shift added to the 180° phase shift 
of tube V901 produces the 360° phase shift 
required for oscillations. 

e. OSC FREQ control R902 is used to adjust 
the frequency of the oscillator to either 50 or 
60 cps. As the resistance of OSC FREQ con- 
trol R902 is increased, it reduces the phase shift 
of section two of the three-section, phase-shift 
network. This causes the oscillator frequency to 
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Oscillator amplifier V901 and oscillator cathode follower V902B, schematic diagram. 


decrease so as to increase the total phase shift 
of the network back to 180°. 

f. A small portion of the oscillator signal is 
coupled from the cathode of V902B through 
series resistor R917 and coupling capacitor C910 
to oscillator detector V902A. 

g. Self-bias for V902B is developed across 
cathode resistors R910, R911, and R912. Grid 
load resistor R909 connects to the cathode circuit 
at the junction of resistors R910 and R911. 
Plate voltage for V902B is obtained directly 
from voltage regulator V905. 


105. Oscillator Detector V902A 
(fig. 92) 


Oscillator detector V902A uses one-half of a 


12AU7WA dual triode connected as a diode to 
produce an age voltage that controls the output 
of oscillator amplifier V901. A small portion 
of the signal developed in the cathode circuit of 
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Figure 92. 
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Oscillator detector V902A, schematic diagram. 
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Figure 93. Controlled amplifier V903, schematic diagram. 


V902B is coupled to the plate of V902A through 
resistor R917 and capacitor C910. The output 
voltage drop across load resistor R916 is filtered 
by resistor R905 and capacitor C904 to produce 
a negative voltage. This bias voltage is applied 
through resistor R904 to the grid of oscillator 
amplifier V901. 


106. Controlled Amplifier V903 
(fig. 93) 

Controlled amplifier V903 uses a 6BA6 pentode 
to amplify the signal received from V902B. ‘The 
output of V903 is fed through receptacle J901 
to AM-1246/FRN-20. 

a. The output signal of V902B is coupled 
through capacitor C907 to the grid of V908. 
The output signal of V903 is developed in trans- 
former T901. Capacitor C909, shunted across 
the primary of transformer T901, reduces har- 
monics and eliminates any spurious oscillations. 
Plate voltage is obtained from bleeder resistor 
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R924. Screen voltage is obtained from bleeder 
resistor R923. 

b. Self-bias is developed across cathode re- 
sistor R915, which adds to the age bias connected 
through grid resistor R913 from age detector 
V906. 


107. Age Detector V906 
(fig. 94) 

Age detector V906 uses a 6AL5W dual diode 
to develop an age voltage that controls the out- 
put of V903. 

a. REGULATOR control R920, in series with 
resistor R921, furnishes a positive dc voltage to 
the cathodes of V906 through transformer T1403 
on PP-1329/FRN-20. This voltage presets the 
desired level of regulation. The frequency- 
regulated 115 volts ac from transformer T1403 
is fed to the two cathodes of V906 through re- 
ceptacle J902. 

b. The output of V906 is developed across 


AGC BIAS 
TO 


CONTROLLED 
AMPLIFIER 


TM215-128 


Figure 94. Age detector V906, schematic diagram. 
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plate load resistor R919 and is filtered by re- 
sistor R914 and capacitors C913 and C908 to 
produce a negative voltage. This negative bias 
is applied to the grid of V903. As the amplitude 
of the frequency-regulated voltage applied to the 
cathodes of V906 increases in a negative direction 
to a potential greater than the de voltage applied 
to the cathodes, the diode current increases and 
causes an increase in the negative bias applied 
to V903. 


108. Rectifier V904 and Voltage Regulator 


V905 
(fig. 95) 

Rectifier V904 uses a 5RAWGA full-wave rec- 
tifier to supply operating voltages for the plate 
and screen of V903 and to feed voltage regulator 
V905. Voltage regulator V905 uses an OB2WA 
regulator tube to provide +105 volts de for the 
plate and screen of V901, the plate of V902B 
and the voltage applied to the cathodes of V906, 
through the PP-1329/FRN-20. 

a. The 2380 volts ac from receptacle J902 is 
applied to transformer T902 through fuses F901 
and F902. A center-tapped, high-voltage sec- 
ondary winding on T902 furnishes 350 volts ac 
to the plates of rectifier V904. 

6. The output of V904 is filtered by chokes 
L901 and L902 and capacitors C911 and C912. 
Bleeder resistors R923 and R924 provide two 
different potentials of operating voltage in addi- 
tion to a discharge path for capacitors C911 and 
C912 when the O-371/FRN-20 is turned off. 
The output of the choke input filter is connected 


through series resistor R918 to the plate of © 


voltage regulator V905. 


c. Filament voltage for V904 is supplied by a © 


5-volt secondary winding on T902. Filament 
voltage for V901, V902, V903, and V906 is sup- 
plied by a 6.3-volt secondary winding on trans- 
former T902. 


109. Motor Control Relays K901 and K902 
(fig. 96) 

Motor control relay K901 switches the goni- 
ometer motor from the line voltage to the fre- 
quency-regulated voltage through J902 after it 
is energized by voltage from thermal relay K902. 
Relay K901 (through J901) also closes the 
cathode circuit of power amplifier tubes V4 and 
V5 in the AM-1246/FRN-20. 

a. The 115-volt ac line voltage from the RE- 
247/FRN-22 is applied through receptacle J902 
to the heater element of relay K902 and through 
the deenergized contacts of relay K901 and re- 
ceptacle J902 to the goniometer motor. The goni- 
ometer motor will run approximately 60 seconds 
on the line voltage while thermal relay K902 is 
heating. After the contacts close on relay K902, 
115 volts ac is applied to the coil of relay K901. 
This voltage energizes K901, which removes the 
line voltage from the goniometer motor and ap- 


plies the frequency-regulated 115-volt output of — 


the AM-1246/FRN-20 through J902. The con- 
tacts of thermal relay K902 are shunted by ca- 
pacitor C914 to reduce arcing. 

6. Additional contacts on relay K901 close the 


cathode return of power amplifier tubes V4 and — 
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Figure 95. Rectifier V904 and voltage regulator V905, schematic diagram. 
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Figure 96. Motor control relays K901 and K902, schematic diagram. 


| V5 in the AM-1246/FRN-20 through J901. This 
| is a safety measure to prevent the tubes from 


conducting in case relay K901 or K902 fail to 


operate. 


Section VIIl. THEORY OF AUDIO FREQUENCY AMPLIFIER AM-—1246/FRN—20 


110. Block Diagram 
(fig. 97) 

| The AM-1246/FRN-20 receives the frequency- 
regulated power signal produced by the O-371/ 
FRN-20 and amplifies it to 115 volts so it can 
operate the goniometer motor. The signal path 
is shown in the block diagram and is discussed 
in a through d below. For complete circuit de- 
tails, refer to the overall schematic diagram (fig. 
280). 

a. The frequency-regulated power signal from 
the O-371/FRN-20 is coupled to first amplifier 
V1 where it is amplified, then coupled to driver 
amplifier V2 and V3. 

b. Driver amplifier V2 and V3 increases the 


50 OR 60 CYCLE 


DRIVER 
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AUDIO FREQUENCY st ene AMPLIFIER 
OSCILLATOR v2 ph 
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signal to obtain sufficient power to drive power 
amplifier V4 and V5. 

c. Power amplifier V4 and V5 further increases 
the signal to produce frequency-regulated 115 
volts ac in the secondary of output transformer 
T1403, which is located in the PP-1329/FRN-20. 

d. Operating voltages for the frequency-regu- 
lating amplifier are supplied by the PP-1329/ 
FRN-20. 


111. First Amplifier V1 
(fig. 98) 

First amplifier V1 uses a 6SN7WGTA twin 
triode to amplify the 50- or 60-cps signal from 
the O-371/FRN-20. The output of V1 is trans- 
former-coupled to driver amplifier V2 and V8. 
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Figure 97. Audio Frequency Amplifier AM-1246/F RN-20, block diagram. 
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Figure 98. First amplifier V1, schematic diagram. 


a. The input signal is fed through receptacle 
J4 to LEVEL control R1 where it is attenuated 
to the desired level and applied to the primary of 
input transformer T1. LEVEL MONITOR re- 
ceptacle J1 is connected across the input for mon- 
itoring the input signal. 

6. Tube V1, connected as a push-pull amplifier, 
receives the signal from the center-tapped second- 
ary winding of transformer T1. The signal is 
amplified by V1 and transformer-coupled to 
driver-amplifier V2 and V3 through transformer 
Te. 

c. Plate voltage is obtained from the PP-1329/ 
FRN-20 through receptacle J3 and dropping re- 
sistor R4. Signal voltages in the plate circuit 
are bypassed to ground by capacitor C2. Self- 
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Figure 99. 
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DRIVER AMPL 
v3 


bias is developed by the voltage drop across cath- 
ode resistor R2. | 

d. Filament voltage is supplied by a 6.3-volt ~ 
secondary winding on transformer T4. The | 
primary of T4 is operated on 280 volts ac from ~ 
the PP-1329/FRN-20 through receptacle J4. 


112. Driver Amplifier V2 and V3 
(fig. 99) 

Driver amplifier V2 and V3 uses two 807 beam 
power tubes to amplify the signal received from 
V1 and to furnish grid driving power for power — 
amplifier V4 and V5. 

a. This stage operates as a push-pull class A 
amplifier, and receives the signal from V1 
through interstage transformer T2. The output 
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Driver amplifier V2 and V3, schematic diagram. 


signal of V2 and V3 is developed in driver trans- 
former T3 and coupled to the grids of power am- 
plifier V4 and V5. 

6. Plate and screen voltage is obtained from 
the PP-1329/FRN-20 through receptacle J3. Re- 
sistors R9 and R10 are parasitic suppressors. 
Self-bias is developed by cathode resistor R5. 
Damping capacitor C1 is connected across the 
secondary of transformer T2. Filament voltage 
is supplied by a 6.3-volt secondary winding on 
transformer T4. 

c. The total cathode current is metered through 
meter shunt resistor R3 by meter M1901 on the 
meter panel. 


113. Power Amplifier V4 and V5 
(fig. 100) 


Power amplifier V4 and V5 uses two 813 beam 
| power tubes to amplify the signal from V2 and 
| V8 and furnish frequency-regulated 115 volts ac 
to operate the goniometer motor. 

a. This stage operates as a push-pull, class B 
amplifier, and receives the signal through driver 
transformer T3. The output power is developed 


in transformer T1403 on the PP-1329/FRN-20 
(fig. 281). The secondary of T1403 connects 
through motor control relay K901 in the O-371/ 
FRN-20 to the goniometer motor. Plate voltage 
for V4 and V5 is obtained from the PP-1329/ 
FRN-20 through output transformer T1403. 

6. A high bias value is developed across cathode 
resistor R6 in series with OVERLOAD CON- 
TROL R7 and metering resistor R8 when the 
transmitting equipment is placed in a warmup 
condition. This reduces tube currents to negligi- 
ble values. Approximately 60 seconds after the 
transmitting equipment is placed on the air as a 
navigational facility, resistor R6 is shorted by 
contacts on relay IX901 in the O-371/FRN-20 to 
reduce the bias to near zero. To protect V4 and 
V5, the coil of overload relay S2 is shunted across 
OVERLOAD CONTROL R7 in the cathode cir- 
cuit. OVERLOAD CONTROL R7 is adjusted 
to preset the amount of cathode current that flows 
through the coil of overload relay S2. When the 
current through the coil of relay S2 increases 
above this value, relay S2 will energize and open 
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Figure 100. 
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the equipment interlock circuit. Panel interlock 
switch S1 is connected in series with the equip- 
ment interlock circuit. Total current of V4 and 
V5 is metered through meter shunt by meter 
M1901 on the meter panel. 


c. Filament voltage for V4 and V5 is supplied — 
by the 10-volt secondary winding on transformer — 
T5. The primary of T5 is operated on 230 volts 
ac from the PP-1329/FRN-20 through receptacle 
J4. : 


Section IX. THEORY OF POWER SUPPLY PP—1329/FRN—20 


114. Block Diagram 
(fig. 101) 

Power Supply PP-1329/FRN-20 supplies the 
operating voltages for the O-371/FRN-20 and 
AM-1246/FRN-20. The O-3871/FRN-20 con- 
tains two rectifier circuits with associated control 
relays and the AM-1246/FRN-20 output trans- 
former. For complete circuit details, refer to the 
overall schematic diagram (fig. 281). 

a. Full-wave, high-voltage rectifier V1401 and 
V1402 provides +1,350 volts de for the AM- 
1246/FRN-20. 

6. Full-wave rectifier V1403 provides +500 
volts de for the AM-1246/FRN-20. 

c. Output transformer T1403 couples the AM- 
1246/FRN-20 output to the motor on the goni- 
ometer. 

d, Ac power of 230 volts is fed through the 
PP-1329/FRN-20 to operate the O-371/FRN-20 
and to supply a transformer that furnishes fila- 
ment voltage for the AM-1246/FRN-20. 


115. High-Voltage Rectifier V1401 and 
V1402 
(fig. 102) 

A high-voltage rectifier circuit is used to de- 
velop +1,350 volts de for V4 and V5 in the AM- 
1246/FRN-20. Tubes V1401 and V1402, 3B28 
gas-filled rectifiers, are used. 
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OUTPUT 
TRANSFORMER 
T1403 


a. Ac power of 230 volts is applied through the 
contacts of main relay K1401 and plate relay 
K1402 to the primary of transformer T1402. A 7 
center-tapped secondary winding of transformer 
T1402 furnishes 1,500 volts ac to the plates of 
V1401 and V1402. Transformer T1402 is pro-— 
tected by fuses F1408 and F1409. | 

b. Filaments of the two 3B28 rectifiers are con- — 
nected in parallel and receive their power from — 
a 2.5-volt secondary winding on transformer 
T1401. 

c. The output of the high-voltage rectifier is 
fed from the center tap of the 2.5-volt winding 
to a two-section choke input filter consisting of” 
chokes L1403 and L1404 and capacitors C1403 _ 
and C1404. The output of the filter supplies 
+1,350 volts de to the center tap of output trans- — 
former T1403. Bleeder resistor R1402 provides 
the necessary bleeder current for regulation and 
a discharge path for capacitors C1403 and C1404 7 
after the power supply is turned off. The high- 7 
voltage rectifier circuit is protected by fuse F1411. — 


116. Rectifier V1403 
(fig. 102) 

A full-wave rectifier circuit supplies +500 volts 
de for V1, V2, and V3 in the AM-1246/FRN-20. 9 
Tube V1403, a 5RAWGA, is used. 

a. Two taps on the secondary winding of — 
T1402 furnish 645 volts ac to the plates. 


11SV AC FREQUENCY 
REGULATED 


TO AUDIO FREQUENCY ~ 
OSCILLATOR 
O-371/FRN-20 


230V AC 
230V AC 
TO AUDIO FREQUENCY — 
+500V DC AMPLIFIER 


AM-1246/FRN-20 
+1350V DC TO PLATES 


OF V4,V5 TM215—137 


Power Supply PP-1329/FRN-20, block diagram. 
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b. The filament receives its power from a 5-volt 
| secondary winding on transformer T1401. 

ce. The output is fed from the center tap of the 
| 5-volt winding to a two-section choke input filter 
consisting of chokes L1401 and 11402 and capaci- 
tors C1401 and C1402. The output. of the filter 
supplies +500 volts de to receptacle J1401. 
| Bleeder resistor R1401 provides the necessary 
bleeder current for regulations and a discharge 
|} path for capacitors C1401 and C1402 after the 
| power supply is turned off. Rectifier V1403 cir- 
cuit is protected by fuse F1410. 


117. Control Circuits 
(fig. 103) 
Control circuits of the PP-1329/FRN-20 delay 
| the ac pewer applied to plate transformer T1402 
until tube filaments are at operating temperature 
jand open the ac line to plate transformer T1402 
when the equipment interlock circuit is opened. 
| a. Ac power at 230 volts is applied through ter- 
iminals G and S of receptacle J1401 and fuses 


F1401 and F1402 to the contacts of main relay 
K1401. Relay K1401 is energized by 115 volts 
ac from the RE-247/FRN-22 when the trans- 
mitting equipment is placed in a warmup con- 
dition. The 230 volts ac is then applied from 
the energized contacts of relay K1401 to filament 
transformer T1401 through fuses F1403 and 
¥1404, to the contacts of plate relay K1402 
through fuses F1408 and F1409, directly to the 
O-371/FRN-20 and to the AM-1246/FRN-20 
through fuses F1405, F1406, and F1407. 

6. The primary center tap on transformer 
T1401 applies 115 volts ac to the heater of thermal 
relay $1401. After approximately 30 seconds, 
the contact of S1401 close. Capacitor C1405 
shunts the contacts to reduce arcing. Ac power 
at 115 volts from the equipment interlock circuit 
is applied through panel interlock switch $1402 
and the contacts of thermal relay $1401 to the 
coil of plate relay K1402. Relay K1402, when 
energized, applies 230 volts ac to the primary of 
transformer T1402. 


Section X. THEORY OF INDICATOR PANEL SB—830/FRN—22A 


| 118. General 

Meters on the meter panel indicate the fre- 
quency and voltage of the power supplied to the 
motor in the No. 1 or No. 2 goniometer and the 
cathode currents in the No. 1 or No. 2 AM-1246/ 
'FRN-20. 


'|119. Meters and Meter Switching 
| (fig. 282, contained in separate envelope) 


| The meter circuits consist of multiscale milli- 
jammeter M1901, vibrating reed frequency meter 


M1902, voltmeter M1903, and rotary switches 
$1901 and $1902. CURRENT meter M1901, in 
conjunction with CURRENT switch $1901, indi- 
cates the amplifier total and driver total currents 
in the No. 1 or No. 2 frequency-regulating ampli- 
fier, FREQUENCY meter M1902 and VOLTS 
meter M1903, used in conjunction with LINE 
switch $1902, indicate the frequency and voltage 
of the ac power supplied to the motor of the No. 
1 or No. 2 goniometer. Connections to the meter 
panel are made through terminal board TB1901. 


Section XI. THEORY OF AUDIO FREQUENCY OSCILLATOR O-373/FRN 


+|120. Block Diagram 
| (fig. 104) 

The O-373/FRN develops a 1,000-cycle tone 
jsignal and supplies it to keyer KY-175/FRN 
where it is interrupted to produce the call letters 
jof the omnirange station. The signal path is 
shown in the block diagram and is discussed in a 
and 6} below. For complete circuit details, refer 
|to the overall schematic diagram (fig. 283). 
| a. Oscillator V1 develops the 1,000-cycle tone 

signal. Audio amplifier V2A and output ampli- 
fier V2B increase the 1,000-cycle signal received 


from the oscillator. The output of V2B is fed to 
the keyer. 

b. De operating voltages for the tone oscillator 
are supplied by rectifier V3. 


121. Oscillator V1 
(fig. 105) 
Oscillator V1 uses a 6SJ7WGT pentode as a 
transitron oscillator to develop a low level 1,000- 
cycle tone signal. 


a. This circuit employs the negative resistance 
characteristic of a pentode vacuum tube to form 
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(1/2) 6SN7WGTA 


115V AC RECTIFIER 


FROM RELAY ASSEMBLY 
RE-247/FRN—22 


Figure 104. Audio Frequency Oscillator 0-373/FRN, block diagram. 


Cl 
.| UF 


6SJ7 WGT 


RI 
IOOK 


Figure 105. Oscillator V1, schematic diagram. 


an oscillator. This is accomplished by operating 
the screen at a much higher potential than the 
plate and the suppressor grid more negative than 
the cathode. The suppressor grid is maintained 
at a negative potential by the voltage drop across 
resistor Ri, which is produced by the feedback 
from the screen grid through capacitor Cl. 

b. The output of the oscillator is developed in a 
parallel-tuned circuit consisting of inductor Li 
and capacitor C2 and coupled to the grid of audio 
amplifier V2A through capacitor C3. 

c. Three different potentials of B+ for V1 are 
obtained from the series-parallel arrangement of 
bleeder resistors R2, R38, R4, R5, and R6. Re- 
sistor R14 in the cathode cireuit maintains a slight 
difference in potential between the control grid 
and cathode. The audio signal in the screen cir- 
cuit is bypassed to ground by filter capacitor C7. 
122. Audio Amplifier V2A 

(fig. 106) 
Audio amplifier V2A uses one-half of a 


6SNTWGTA to increase the 1,000-cycle tone sig- 
nal from V1. 
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+ 250V DC 


OUTPUT 
AMPLIFIER 
V2B 
(1/2) 6SN7WGTA 


1000 CYCLE | 
TONE TO KEYER | 
KY-I75/FRN 


FEEDBACK 


TM215-142 


C3 
Ue 


TO GRID OF é Wi 
AUDIO AMPL V2A i 


+ 250V DC 


TM215—-143 


a. The input signal from V1, coupled through — 
capacitor C3, is developed across grid resistor | 
R11 and applied to the grid of V2A. The output 

signal is coupled through capacitor C4 to gain - 
obtibebl Rid. p 

d. Plate voltage for V2A is obtained from rec- | 
tifier V3 through plate load resistor R10. Self | 
bias is developed across cathode resistor R9. Re- | 
sistors R7 and R8 and capacitor C10, used in | 
earlier models for keying purposes, are connected / 
to ground through shorting plug P1 and recepta- | 
cle J3 and have no function in the omnirange set. 


123. Output Amplifier V2B 
(fig. 106) | 
Output amplifier V2B uses one-half of a 
6SNTWGTA to increase the 1,000-cycle tone sig- | 
nal from tube V2A. a 
a. The input signal from audio amplifier V2A, | 
coupled through capacitor C4, is applied to gain | 
control R15, then to the grid of V2B. The output’ 
signal is developed in the primary of transformef | | 
T1. The secondary provides a 500-ohm source for! 
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AUDIO AMPL 
V2A 
(1/2)6 SN7WGTA 


C3 
-L UF 


FROM SCREEN 
OF OSC VI 


OUTPUT AMPL 
v2B 
(1/2)6SN7WGTA 


__KEYER 
KY —175/FRN 


200 OHM TAP 
NO CONNECTION 


_  KEYER 
KY—175/FRN 


SHORTING 
PLUG 


+250V DC 


TM215-144 


Figure 106. Audio amplifier V2A and output amplifier V2B, schematic diagram. 


| applying the signal through receptacle J2 to the 

| keyer. 

; 0. Plate voltage for V2B is obtained from 

| rectifier V3 through the primary of transformer 

Tl. Self-bias is developed across cathode re- 

sistor R12 which is bypassed by C6. 

| c. A degenerative feedback signal, to stabilize 
the amplifiers, is fed from the plate of V2B 

through capacitor C5 and resistor R13 to the 

cathode of V2A. 


124. Rectifier V3 
(fig. 107) 
Rectifier V3 uses a 5V4G full-wave rectifier to 
| supply operating voltages for the O-373/FRN. 
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RED 


325V AC 6OMA 


REOv Ec 


BLK 
115V AC 325V AC 6O0MA 
FROM 
RELAY —— 
ASSEMBLY 
RE-247/FRN-22 
BLK 


GRN YEL 6.3V AC 


2.5 AMP 


a. The 115 volts ac from receptacle J1 is ap- 
plied to transformer T2 through fuse Fl. A 
center-tapped, high-voltage winding on the sec- 
ondary of transformer T2 furnishes 325 volts ac 
to the plates of V3. 


6. The output of V3 is filtered by a choke input 
filter consisting of chokes L2 and L3 and capaci- 
tors C8 and C9. The output of the filter is +250 
volts de. 


c. Filament voltage for V3 is supplied by a 5- 
volt secondary winding on transformer T2. Fila- 
ment voltage for V1 and V2 is supplied by a 6.8- 
volt secondary winding on transformer T2. 


RECT 


V3 
5V4G 


V2 


TM2i5-145 


Figure 107. Rectifier V3, sch ematie diagram. 
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Section XII. THEORY OF KEYER KY—175/FRN 


125. Block Diagram 
(fig. 108) 

The keyer is a motor-driven keying device 
which forms call letters by interrupting the 1,000- 
cycle tone signal produced by the O-373/FRN. 
The circuit is discussed in a and 6 below. For 
complete circuit details, refer to the overall 
schematic diagram (fig. 284). 

a. Code switch S502 and cycle switch S501 have 
their contacts connected in series and are actuated 
by code wheel W1 and cycle wheel W2. When 
the contacts on both switches are closed, the 
1,000 cycle tone signal from the O-373/F RN passes 
through the switch contacts to the RE-248/ 
FRN-22. When the contacts on either switch are 
open, the 1,000-cycle tone is interrupted. 

b. The 115-volt ac power for the operation of 
motor M501 is received from the RE-247/ 
FRN-22. Motor M501 drives code wheel W1 di- 
rectly and drives cycle wheel W2 through a gear 
train which has a 12-to-1 speed reduction ratio. 


126. Signal Circuit 
(fig. 109) 

The signal circuit of the keyer interrupts the 
1,000-cycle tone signal from the O-873/FRN and 
provides a constant impedance of approximately 
500 ohms between the O-873/FRN-20 and the 
RE-248/FRN-22. 

a. The 1,000-cycle output from the O-373/FRN 
is applied to the keyer through terminals 2 and 
6 on terminal board TB501. Terminal 2 is a com- 
mon input-output terminal. The 1,000-cycle tone 
is fed from terminal 6 to a fixed contact on code 


CODE SWITCH 


1,000 CYCLE TONE FROM AUDIO FREQUENCY $502 AND 


OSCILLATOR O-373/FRN 


115V AC FROM RELAY ASSEMBLY RE-247/FRN-22 


switch $502. The contact arm of code switch 
S502 has at its tip a small roller that rides on the 
circumference of code wheel W1. The circum- 7 
ference of code wheel W1 contains segments that 7 
must be removed to form the call letters. 
the roller on the contact arm drops into a break- — 
out, the switch contacts close and the 1,000-cycle- 
tone is fed to the contact arm of cycle switch $501. 

b. The contact arm of cycle switch $501 has at 
its tip a small roller that rides on the circumfer- — 
ence of cycle wheel W2. Cycle wheel W2 rotates 
at one-twelfth the speed of code wheel W1. The 
circumference of cycle wheel W2 contains remov- 
able segments. The correct number of these seg- 
ments must be broken out so that the roller on 
the contact arm of cycle switch S501 will drop 7 
into the breakouts and close the switch contacts © 
for the length of time required for the call letters 7 
to be transmitted once. To repeat the call letters 7 
more than once for each revolution of cycle wheel © 
W2, additional breakouts of the same length must 
be made around the circumference of cycle wheel © 
W2. . | 

c. When code switch $502 and cycle switch S501 9 


close at the same time, the 1,000-cycle keyed tone | 
This 7, 


is fed to the output circuit of the keyer. 
output circuit consists of resistors R502, R503, 


and R504 connected in a T-network to provide a _ 
constant impedance of approximately 500 ohms 7 


whether or not the call letters are being trans- 7 
mitted. The 1,000-cycle tone output of the keyer, 7 
in the form of call letters, is fed through terminals © 
1 and 2 of terminal board TB501 to the RE- | 


248/EF RN-22, 


CYCLE SWITCH 
S50! AND 
CYCLE WHEEL W2 


000 CYCLE KEYED 
TONE TO RELAY O 303 IN 
RELAY ASSEMBLY RE-248/FRN-22 


TM2I5-147 


Figure 108. Keyer KY-175/FRN , block diagram. 


128 


When 


129 


‘PNIM [DUbIS SNIA/ELI-FAM sohay -“60T aunbry 


8b1-SIZWL 


NOILOSNNOO IVNY3LX3 ON 


22-NU4/8b2-3y 3NOL G3A3y _ 
37949-0001! 
A1aWassy 
AV134 SNOL g3A3x 
ae 
3NOL 
Nu4/ELE-0 os, 
YyOLV111I9SO 31949 -000 
AONANOIYS Olan 3NOL 
37949-00011 


NOILOSNNOD IWNY3LX3 ON 


NOILDSNNOD TVNY3LX3 ON 
NOILOSNNOOD IWNY3ZLX3 ON 


127. Code and Cycle Wheel Drive 
Assembly 
(fig. 284, contained in separate envelope) 

The drive assembly for the code and cycle 
wheels consists of a synchronous-type ac motor 
and a speed-reducing gear train. 

a. A voltage of 115 volts ac from the RE-247/ 
FRN-22 is applied through receptacle J501 and 
fuse F501 to motor M501. Capacitor C501 is a 
motor-phasing capacitor. Resistors R501 and 
R505, which were used in an earlier model, are 
shortened and have no function when the keyer is 
used in the omnirange set. 


6. Motor M501 has an internal speed-reducing 
gearbox that reduces the speed of the power take- — 
off shaft to 7.2 rpm when the motor is operating 
from 60-cycle power or 6 rpm with the motor 
operating from 50-cycle power. 

c. Code wheel W1 and a 20-tooth gear are 
mounted on the power takeoff shaft. The 20-— 
tooth gear engages with an 80-tooth gear to drive © 
a 32-tooth gear. The 32-tooth gear engages a 96- 
tooth gear to drive cycle wheel W2 at 0.6 rpm 
when motor M501 operates on 60-cycle power or 
0.5 rpm when motor M501 operates on 50-cycle 
power. 


Section XIll. THEORY OF ANTENNA GROUP AN/FRA-14 


128. Block Diagram 
(fig. 110) 

Antenna Group AN/FRA-14 continuously 
samples and detects the RF signal radiated by 
the antenna. The detected signal is fed to the 
monitor. The signal path is shown in the block 
ciagram and is discussed in « through c below. 
For complete circuit details, refer to the overall 
schematic diagram (fig. 111). 

a. The RF signal received by the AN/FRA-14 
antenna is natched to push-pull diode detector 
V1 by a tunable VHF band-pass filter. 

6. The output of V1 is developed across a re- 
sistive load and fed through a coaxial cable to 
the monitor. 

c. The 115-volt ac operating power for the 
AN/FRN-14 is supplied by the RE-247/FRN-22. 


129. Detector V1 
(fig. 111) 

Detector V1 uses a 6ALSW twin diode to de- 
tect the RF signal received by antenna E1. The 
output of V1 is fed to the monitor. 

a, Antenna E1 is a folded dipole with a range 


TUNED 
VHF FILTER 
LI, Cl 


VHF SIGNAL FROM 
ANTENNA AT-669/FRN-22 


Figure 110. 
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from 108 to 118 me. The output terminals of 
antenna El are connected to balanced taps on 
step-up inductor 11. 

6. A parallel-tuned circuit consisting of induc- 
tor L1 and capacitor C1 tunes to any frequency 
from 108 to 118 mc. The RF signal tuned by 
inductor L1 and capacitor C1 is fed to the plates 
of V1 which operates as a full-wave detector. — 
The cathodes of V1 are connected together. The 
detected signal voltage appears across load re- 
sistor Rl. The detected signal consisting of 
either navigational information and identification 
tone or navigational information and voice com- 
munications is fed through receptacle J2 and a 
coaxial cable to the monitor. 2 

c. The 115-volt ac operating power from the 
RE-247/FRN-22 is applied through receptacle 
J1 and current-limiting resistor R2 to filament 
transformer Tl. The secondary winding of trans- 
former T1 supplies 6.3 volts ac for the filament 
of tube V1. The filament of V1 is bypassed by 
capacitor C2 to prevent stray RF circulating cur- 
rents and to reduce the noise effect of stray 
pickup in the powerline. 


DETECTED 
SIGNAL TO 
COURSE MONITOR 
MX-1837/FRN-20 


DETECTOR RESISTIVE 


LOAD 


1ISV AC FROM 
RELAY ASSEMBLY 
RE-247/FRN-22 


TM215-150 


Antenna Group AN/FRA-14, block diagram. 
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Section XIV. THEORY OF COURSE MONITOR MX-—1837/FRN—20 


130. Block Diagram 
(fig. 112, contained in separate envelope) 


Course Monitor MX-1837/FRN-20 receives 
the demodulated signal from the AN/FRA-14. 
The monitor compares the navigational compo- 
nents of the signal with preset standards for 
input level, phase relationship, and amplitude. 
The detected signal also provides fail-safe pro- 
tection and is amplified for aural monitoring. 
The monitor consists of reference, variable, and 
audio signal circuits, a phase comparator, a vac- 
uum-tube voltmeter (vtvm), an alarm relay, and 
a power supply. The signal paths and circuits 
are discussed in paragraphs 181 through 186. 
For complete circuit details, refer to the sche- 
matic diagram (fig. 285, contained in separate 
envelope). 


131. Reference Signal Circuit Block Diagram 
(fig. 112, contained in separate envelope) 


The reference signal circuit selects, amplifies, 
and detects the subcarrier signal. The signal 
level is compared at two different points in the 
channel against a preset level. If comparison 
shows a signal level drop below the preset level, 
an alarm will occur. The output is fed to the 
phase comparator circuit. 

a. The input signal is fed through the fail-safe 
cireuit which consists of COURSE RELAY 
meter M2 and COURSE INDICATOR meter 
M1 in the phase comparator circuit. First am- 
plifier V2B selects and amplifies the subcarrier 
signal only. The output of V2B is fed to 
LEVEL switch S1 for amplitude measurements 
and to second amplifier V1B for additional am- 
plification, The output of V1B is fed to refer- 
ence level alarm detector V6B and limiter V1A. 

b. Reference level alarm detector V6B rectifies 
the signal and feeds the positive half-cycle to 
reference level alarm thyratron V17. The V17 
current flows through and energizes the reference 
level alarm relay. 

c. The signal received at limiter V1A from 
V1B is amplified and the peaks are clipped to 
remove any amplitude modulation. The output 
of V1A is fed to slope detector V8B. Slope de- 
tector V8B demodulates the subcarrier signal to 
obtain the reference 30-cycle signal. This signal 
is amplified by third amplifier V4B and output 
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amplifier V12. The signal from V12 is fed to ‘ 
reference fail-safe alarm detector V8A and to the — 
phase comparator circuit for comparison with the — 
variable 30-cycle signal. } 

d. Reference fail-safe alarm detector V8A rec- — 
tifies the signal and feeds the positive half-cycle — 
to reference fail-safe alarm thyratron V18. The — 
V18 current flows through and energizes alarm ~ 
relay RY4. 


132. Variable Signal Channel, Block 
Diagram 
(fig. 112, contained in separate envelope) 


The variable-signal circuit selects, amplifies, 
and shifts the phase of the variable 30-cycle sig- — 
nal. The signal level is compared at two different — 
points against a preset level. If comparison — 
shows a signal level drop below the preset level, — 
an alarm will occur. Output of the variable sig- 
nal circuit is fed to the phase comparator circuit. — 

a. Variable signal circuit input amplifier V2A — 
selects and increases the variable 30-cycle signal. — 
The output of V2A is fed to inverter V4A, level 
alarm amplifier V3A, and the vtvm circuit for a — 
level indication. 7 

b. Variable level alarm amplifier V3A ampli- 
fies the variable 30-cycle signal and feeds variable 
level alarm detector V7A. Tube V7A rectifies — 
the signal and feeds the positive half-cycles to 
variable level alarm thyratron V16. The output — 
current of V16 flows through and energizes alarm — 
relay RY4. } 

c. The variable 30-cycle signal is fed to inverter — 
V4A which produces two outputs 180° out of 
phase. The two outputs are applied to the phase- — 
shift network which consists of phase selector — 
switch S4 and PHASE ZERO control R72. | 
Switch S4 and control R72 are adjusted to pro- — 
duce exactly 90° phase difference between the — 
variable 30-cycle signal channel and the reference — 
30-cycle signal channel. The output of the phase- — 
shift network is fed to controlled amplifier V5 — 
and to age amplifier V3B where it is amplified — 
and fed to age detector V6A. Tube V6A detects — 
the signal and develops a negative bias to control — 
the operating point of tube V5. The age circuit 


is necessary because the output of the phase-shift — 


network varies at different settings of phase se- 


lector switch S4. Tube V5 and output amplifier 
V11 increase the signal received from the phase- 
shift network. The signal from output amplifier 
Vil is fed to variable fail-safe alarm detector 
V7B and phase comparator circuit for compari- 
son with the reference 30-cycle signal. 

d. Variable fail-safe alarm detector V7B recti- 
fies the signal and feeds the positive half-cycles 
to variable fail-safe alarm thyratron V15. The 
output current of V15 flows through and ener- 
gizes alarm relay RY4. 


133. Audio Signal Circuit Block Diagram 
(fig. 112) 

The audio signal circuit receives a portion of 
| the detected signal input from the AN/FRA-14. 
| The signal is amplified by first audio amplifier 
} V9A and audio output amplifier V9B to a suffi- 
cient level to drive a headset. The keyed tone can 
| be heard on the handset at the remote location. 
| The subcarrier signal will normally not be heard 
} at the remote location because of the attenuation 
of the telephone line. 


134. Phase Comparator Circuit, Block 

Diagram 

(fig. 112) 

} The phase comparator circuit is a balanced- 
| bridge detector. The circuit receives the refer- 
ence 30-cycle signal from the reference signal cir- 
} cuit and the variable 30-cycle signal from the 
} variable signal circuit. The phase difference of 
the two signals results in a current with ampli- 
| tude and polarity determined by the amount of 
| phase difference. The resultant output is fed to 
| COURSE RELAY meter M2 and COURSE IN- 
DICATOR meter M1 connected in series across 
the output of the phase comparator circuit. 


| 135. Vacuum-Tube Voltmeter Circuit, Block 
Diagram 
(fig. 112) 

The vacuum-tube voltmeter circuit is used when 
adjusting and maintaining the monitor. The in- 
put to the vtvm circuit is through LEVEL 
switch S1, which selects the signal to be meas- 
ured. The signal selected is then routed through 
cathode follower V13A to amplifier V13B. The 
amplified output of tube V13B is rectified by 
meter rectifier V14 and applied to level meter M3. 


136. Power Supply, Circuit, Block Diagram 
(fig. 112) 


The power supply circuit provides —6 volts de 
to bias the alarm thyratrons and a regulated 
+250 volts de for the plates and screens of all 
the tubes in the monitor. The 115-volt ac input 
is applied to rectifier V10. The de output of V10 
is applied to series regulator V21 and V22. The 
output of V21 and V22 is the regulated +250 
volts de. Voltage regulator V20 and regulator 
amplifier V19 control the operating voltages ap- 
plied to series regulator V21 and V22. 


137. First Amplifier V2B 
(fig. 113) 

First amplifier V2B uses one-half of a 12A X7 
twin triode to increase the subcarrier signal. 

a. The input signal from the AN/FRA-14 is 
applied through receptacle J1 to INPUT 
LEVEL control R1 to permit calibration of the 
input level to the monitor. The signal is then 
coupled through capacitor C24 to the fail-safe 
loop which consists of COURSE RELAY meter 
M2 in series with COURSE INDICATOR meter 
M1. Ifeither of these meters was faulty, a course 
error alarm would never occur. Therefore, by 
coupling the reference channel input signal 
through these meters as a safety factor, a refer- 
ence level alarm does occur if either of the meters 
is faulty. 

b. The signal from the fail-safe loop is coupled — 
through capacitor Cl to a band-pass filter con- 
sisting of inductor Il, variable capacitor C2, and 
fixed capacitor C3. The output of the band-pass 
filter is the subearrier signal which is coupled 
through capacitor C+ to the grid of V2B. Ca- 
pacitors Cl and C4 offer a very high reactance 
to the 1,000-cycle tone and the variable 30-cycle 
signal and a fairly low reactance to the subcarrier 
signal. 

e. The subcarrier signal is amplified in V2B 
and coupled through capacitor C6 and REF 
LEVEL control R5, and appears across REF 
CAL control R6. Plate voltage is obtained from 
the power supply through plate load resistor R4. 
Resistor R2 is the grid load resistor. Self-bias 
is developed across cathode resistor R3, which is 
bypassed by capacitor Cd. 

d. Filament voltage is obtained from a 6.8-volt 
secondary winding on transformer T4. 
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Figure 113. First amplifier V2B and second amplifier V1B, schematic diagram. 


138. Second Amplifier V1B 
(fig. 113) 

Second amplifier V1B uses one-half of a 12A X7 
twin triode to further increase the subcarrier 
signal. 

a. The input signal from REF LEVEL control 
R5 and REF CAL control R6 is applied to the 
grid. The output signal developed across plate 
load resistor R8 is coupled through capacitor C8 
to limiter V1A and through capacitor C18 to 
reference level alarm detector V6B. 

6. Plate voltage is obtained from the power 
supply through plate load resistor R8. Self-bias 
is developed across cathode resistor R7. A por- 
tion of the input signal is tapped off by the arm 
of REF CAL control R6 and fed to LEVEL 
switch $1 for level monitoring. 

c. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 


139. Limiter VIA 
(fig. 114) 

Limiter V1A uses one-half of a 12AX7 twin 
triode to remove any amplitude modulation from 
the subcarrier signal. 

a. The input signal from second amplifier V1B, 
coupled through capacitor C8, is applied to the 
grid of limiter VIA. The amplitude of the signal 
across grid resistor R9 is sufficient to bias tube 
V1A beyond cutoff during negative peaks of the 
signal. The positive peaks drive the tube beyond 
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the saturation point; therefore limiting occurs at — 
both the positive and negative peaks, removing ~ 
any amplitude modulation. a 

b. The output signal, developed across plate | 
load resistor R10, is coupled through capacitor — 
C9 to slope detector V8B. Plate voltage is ob-— 
tained from the power supply through R10. 

c. Filament voltage is obtained from a 6.3-volt © 
secondary winding on transformer T4. 


140. Slope Detector V8B 
(fig. 114) | 

Slope detector V8B uses one-half of a 6ALS5W 
twin diode to demodulate the subcarrier signal | 
and recover the reference 30-cycle signal. . 
a. The output signal from limiter V1A, cou- 
pled through capacitor C9, is applied to a tuned © 
circuit (inductor L2 and capacitors C10 and C11) | 
and the plate of tube V8B. The tuned circuit is_ 
adjusted by variable capacitor C10 to a frequency 
of 11 ke. The 11-ke frequency is selected above © 
the subcarrier signal frequency to obtain the cor- 
rect phase relationship required in the output. 
Because of the resonant frequency selected, the | 
applied 9,960-cycle subcarrier, frequency-modu-— 
lated at a 30-cycle rate, will be centered on the — 
low-frequency slope side of the tuned-circuit, — 
resonant-frequency curve. As the subcarrier fra 
quency is increased by modulation above the 
9,960-cycle center frequency, the voltage devel- 
oped across the tuned circuit will increase in — 
, 


ENE a, De 


FROM 
| 2D AMPLIFIER 


proportion to the rate of frequency change. When 
the subcarrier frequency is decreased, the voltage 
across the tuned circuit will decrease. The fre- 
quency-modulated subcarrier is converted to an 
amplitude-modulated subcarrier as the tuned- 
circuit impedance varies with frequency changes. 

6b. Tube V8B rectifies the amplitude-modulated 
subcarrier and develops the 30-cycle signal across 
diode load resistor R11. The 9,960-cycle carrier 


| is filtered out by capacitors C12 and C13 and 
| resistor R12, and the reference 30-cycle signal is 
| coupled to third amplifier V4B through capacitor 
| C14. 


c. Filament voltage for tube V8B is obtained 
from a 6.3-volt secondary winding on power sup- 


| ply transformer T4. 
| 141. Third Amplifier V4B 


(fig. 115) 
Third amplifier V4B uses one-half of a 12A X7 


| twin triode to amplify the reference 30-cycle 
| signal. 


a. The signal from slope detector V8B, cou- 


| pled through capacitor C14, is attenuated by a 
| voltage divider consisting of grid resistors R13 


and R14 and applied to the grid. The output 


signal developed across plate load resistor R16 


is coupled through capacitor C15 to output am- 


| plifier V12. 


6. Plate voltage is obtained from the power 


| supply through plate load resistor R16. Self-bias 
| is developed across cathode resistor R15. 


c. Filament voltage for tube V4B is obtained 
from a 6.3-volt secondary winding on transformer 


T4, 
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Figure 114. 


142. Output Amplifier V12 
(fig. 115) 

Output amplifier V12 uses a 6C4WA triode to 
further increase the reference 30-cycle signal and 
to feed the phase comparator circuit. 

a. The signal from third amplifier V4B is ap- 
plied across grid resistor R17 to the grid of V12. 
The output signal developed in transformer T1 
is fed to the phase comparator circuit. Capacitor 
C21 couples the signal to reference fail-safe alarm 
detector V8A. 

6. Capacitor C16 filters out noise pulses and 
prevents any tendency to high-frequency oscilla- 
tions. TEST switch S2 shorts the grid circuit to 
ground when held in the REF position. This 
removes the signal voltage during phase compar- 
ator circuit balancing adjustments. 

c. Plate voltage is obtained from the power 
supply through transformer T1. Capacitor C17 
is shunted across the primary of T1 to reduce 
harmonic distortion. Self-bias is developed across 
cathode resistor R18. 

d. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 


143. Reference Level Alarm Detector V6B 
(fig. 116) 

Reference level alarm detector V6B uses one- 
half of a 6ALSW twin diode to rectify the sub- 
carrier signal used to control reference level 
alarm thyratron V17. 

a. The subcarrier signal from second amplifier 
V1B, coupled through capacitor C18, is applied 
to the cathode. The plate is grounded. The 
positive voltage developed across REF ALARM 


SLOPE DETECTOR 
veB 
(1/2) 6ALS5W 


C14 
alt he 


TO GRID OF 
Ces0 AMPLIFIER 
V4B 


cl2 Ci3 
altel aks 


To (CAL-NORMAL Moise 
SWITCH $5 Melee 


Limiter V1A and slope detector V8B, schematic diagram. 
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Figure 115. Third amplifier V4B and output amplifier V12, schematic diagram. 


control R19 is fed through a low-pass filter, 
which consists of resistor R20 and capacitor C19, 
to reference level alarm thyratron V17. 

b. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 


144. Reference Level Alarm Thyratorn V17 
(fig. 116) 

Reference level alarm thyratron V17 uses a 
5696 thyratron to operate reference alarm relay 
RY. 

a. The rectified signal from V6B, coupled 
through the low-pass filter, is applied through 
protective resistor R22 to the grid. A negative 
bias of —6 volts de is obtained from the power 
supply through grid resistor R21. REF ALARM 
control R19 is adjusted with a preset signal input 
to V6B to reduce the negative fixed bias and 
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allow thyratron V17 to conduct, and energize ref- 
erence alarm relay RY3. Any decrease in signal | 
input will cause the negative fixed bias to cut off 
thyratron V17 and deenergize relay RY3. 

b. Plate voltage of 115 volts ac is obtained, 
from a secondary winding of transformer T4 
through the coil of reference alarm relay RY3_ 
and current-limiting resistor R23. Filament volt-— 
age is obtained from a 6.3-volt secondary winding 
on transformer T4. a 

c. The coil of reference alarm relay RY3 is | 
shunted by capacitor C20, which charges and. 
holds relay RY3 energized between pulses of the 
rectified subcarrier signal applied to the grid. 
Contacts 1R and 2R of relay RY3, current-limit-_ 
ing resistor R24, and REF ALARM indicator I 3_ 
connect in series across a 6.3-volt secondary wind-_ 
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Figure 116. Reference level alarm detector V6B and reference level alarm thyratron V17, schematic diagram. 
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} RY3 are connected in series with the 115 volts 

| ac to the plate of reference fail-safe alarm thyra- 

tron V18. When RY3 deenergizes, the 115-volt 

} circuit to V18 is opened and the 6.3-volt circuit 

} is closed, causing REF ALARM indicator I 3 to 
light. 


145. Reference Fail-Safe Alarm Detector 

V8A 

(fig. 117) 

i Reference fail-safe alarm detector V8A_ uses 
| one-half of a 6ALS5W twin diode to rectify the 
| reference 30-cycle signal that controls reference 
| fail-safe alarm thyratron V18. 
| a. The reference 30-cycle signal from output 
| amplifier V12, coupled through capacitor C21, is 
| applied to the cathode. The plate is grounded. 
| The positive voltage developed by cathode re- 
/ sistor R25 is fed through a low-pass filter con- 
| sisting of resistor R26 and capacitor C22 to refer- 
ence fail-safe alarm thyratron V18. 
b. Filament voltage is obtained from a 6.3-volt 
| secondary winding on transformer T4. 


| 146. Reference Fail-Safe Alarm Thyratron 
| vis 
(fig. 117) 

Reference fail-safe alarm thyratron V18 uses 
a 5,696 thyratron to energize course alarm relay 
RY4. 

a. The rectified signal from V8A is applied 
| through protective resistor R28 to the grid of 
| tube V18. A negative bias of —6 volts de, ob- 
| tained from the power supply through grid re- 


sistor R27, will cut off thyratron V18 when the 
rectified signal output of detector V8A drops 
below the preset level. 

b. Plate voltage of 115 volts ac is obtained 
from a secondary winding of transformer T4 
through current-limiting resistor R29, the coil of 
course alarm relay RY4, contacts of phase alarm 
relay RY1, contacts of variable alarm relay RY2, 
contacts of reference alarm relay RY3, and the 
contacts of bias relay RY5. Filament voltage is 
obtained from a 6.3-volt secondary winding on 
transformer T4. 

c. The coil of course alarm relay RY4 is 
shunted by capacitor C23, which charges and 
holds relay RY4 energized between pulses of the 
rectified reference 30-cycle signal applied to the 
grid. Contacts 1R and 2R of relay RY4, current- 
limiting resistor R30, and COURSE ALARM 
indicator I 4 are connected across a 6.3-volt sec- 
ondary winding on transformer T4. Contacts 3R 
and 4R furnish a ground return for relay O 206 
in the remote control unit and for relay K601 in 
Radio Set Transfer Control C-—1840/FRN-22. 
When relay RY4 deenergizes, the 6.3-volt circuit 
is closed, causing COURSE ALARM indicator 
I14tohght. The ground return circuit for relays 
0206 and K601 is opened, causing the transmit- 
ting equipment to turn off and the transfer cycle 
to start. 


147. Input Amplifier V2A 
(fig. 118) 
Input amplifier V2A uses one-half of a 12A X7 
twin triode to increase the variable 30-cycle 
signal, 
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Figure 117. Reference fail-safe alarm detector V8A and reference fail-safe alarm thyratron V18, schematic diagram. 
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a. The signal from attenuator R1 is fed through 
NORMAL-CAL switch S5, in NORMAL. posi- 
tion, to a low-pass filter. The low-pass filter, 
which consists of resistor R48 and capacitor C27, 
filters out the subcarrier signal and the 1,000- 
cycle tone. The variable 30-cycle signal is cou- 
pled through capacitor C28 to the grid of input 
amplifier V2A. Resistor R44 is the grid load 
resistor. The output signal of V2A, developed 
across plate-load resistor R46, is coupled through 
capacitor C30 to VAR LEVEL control R47. 

b. Plate voltage is obtained from the power 
supply through plate-load resistor R46. Self-bias 
is developed across cathode resistor R45, which 
is bypassed by capacitor C29. 

c. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 


148. Level Alarm Amplifier V3A 
(fig. 118) 

Level-alarm amplifier V3A uses one-half of a 
12A X7 twin triode to increase the variable 30- 
cycle signal enough to control the variable level 
alarm. 

a. The signal from input amplifier V2A is de- 
veloped across VAR LEVEL control R47. The 
arm of VAR CAML control R48 connects to 
LEVEL switch Sl. The output of V3A, devel- 
oped across plate load resistor R90, is coupled 
through capacitor C47 to variable level alarm de- 
tector V7A. 

6. Plate voltage for V3A is obtained from the 
power supply circuits through R90. Self-bias is 
developed across cathode resistor R89. 
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Figure 118. Input amplifier V2A and level alarm amplifier V3A, schematic diagram. 
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c. Filament voltage is obtained from a 6.3-volt 
secondary winding transformer T4. 


149. Inverter V4A 
(fig. 119) 


triode to furnish two outputs equal in amplitude | 
and opposite in phase. | 

a. The variable 30-cycle signal from VAR 
LEVEL control R47 through coupling capacitor 
(32 is applied to the grid. Grid resistor R49) 
connects between the grid and the junction of 
cathode resistors R50 and R51 to obtain the cor- | 
rect grid bias. 4 

6. The output signal developed across plate- | 
load resistor R52 and fed through coupling ca- 
pacitor C34 to the phase-shift network is equal 
in amplitude but opposite in phase to the output) 
signal developed across cathode resistor R51 and) 
fed through coupling capacitor C33 to the phase- | 
shift network. 

c. Plate voltage is obtained from the power) 
supply circuit through plate load resistor R52.) 
Self-bias is developed across cathode resistors) 
R50 and R51. | 

d. Filament voltage is obtained from a 6.3-volt | 
secondary winding on transformer T4. ; 


150. Phase-Shift Network 
(fig. 119) 
The phase-shift network, consisting of phase-— 


selector switch S4, resistors R54 through R71, 
and PHASE ZERO control R72, is used to shift) 
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the phase of the variable 30-cycle signal the 
amount required through a 360° range. 

a. The variable 30-cycle signal from the plate 
circuit of V4A, coupled through capacitor C34, 
is applied to the first section rotor of S4. This 
plate output signal is also shifted 90° by capac- 
itor C36 and resistor R73 and applied to the 
fourth section rotor of switch $4, which has the 
rotor contact displaced 90° mechanically from 
the first section rotor. The variable 30-cycle 
signal from the cathode circuit of V4A, coupled 
through capacitor C33, is applied to the third 
section rotor of switch S4. This cathode output 
signal is also shifted 90° by capacitor C35 and 
resistor R53 and applied to the second section 
rotor of switch $4, which is displaced 90° me- 
chanically from the third section rotor. 

b. A single output is obtained by connecting 
| the four quadrature signals (0, 90, 180, and 270°) 
| to the resistive bridge consisting of switch 54, 
| mounted resistors R54 through R71, and PHASE 
ZERO control R72. Output from the bridge is 
taken from the arm of PHASE ZERO control 
| R72, which is used for vernier phase adjustments. 
Coarse phase adjustments are made in increments 
| of 18° by rotation of switch S4. The settings of 
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Figure 119. Inverter V4A and phase-shift network, schematic diagram. 


switch S4 and PHASE ZERO control R72 are 
determined by the location of Antenna Group 
AN/FRA-14. 

c. The variable 30-cycle signal output from the 
arm of PHASE ZERO control R72 is applied to 
the grid of age amplifier V3B and coupled 
through capacitor C39 to the grid of controlled 
amplifier V5. 


151. Age Amplifier V3B 
(fig. 120) 


Age amplifier V8B uses one-half of a 12A X7 
twin triode to increase the variable 30-cycle signal 
received from PHASE ZERO control R72. 

a. The signal is applied to the grid of V3B. 
Resistor R74 is the grid load resistor. The out- 
put signal developed across plate load resistor 
R76 is coupled through capacitor C38 to age 
detector V6A. 

b. Plate voltage is obtained from the power 
supply circuit through plate load resistor R76. 
Self-bias is developed across cathode resistor 
R75, which is bypassed by capacitor C87. 

c. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 
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Figure 120. Agc amplifier V3B and age detector V6A, schematic diagram. 


152. Age Detector V6A 
(fig. 120) 

Age detector V6A uses one-half of a 6ALSW 
twin diode to rectify the variable 30-cycle signal 
and provide a negative bias to control the opera- 
tion of controlled amplifier V5. 

a. The input signal from V3B, coupled through 
capacitor C38, is applied to V6A across cathode 
resistor R77. The negative output voltage, de- 
veloped across plate load resistor R78 and filtered 
by capacitor C40, is connected through resistor 
R79 to the grid of controlled amplifier V5. 

b. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 
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153. Controlled Amplifier V5 i 
(fig. 121) | 
Controlled amplifier V5 uses a 6BA6 pentode 
to amplify the variable 30-cycle signal from. 
PHASE ZERO control R72. 

a. The signal from PHASE ZERO conti 
R72, coupled through capacitor C39, is applied. 
to the grid. The output signal, which is con- 
trolled by the age bias applied to the grid of V5 
through isolntion resistor R79, is developed across: 
plate load resistor R80 and éotipied through ca- 
pacitor C42 to output amplifier V11. 

b. Plate voltage is obtained from the power 
supply through plate load resistor R80. Screen 
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Controlled amplifier V5 and output amplifier V11, schematic diagram. 


| voltage is obtained from the power supply 
| through screen-dropping resistor R81. The screen 
is bypassed to ground by capacitor C41. 

¢c. Filament voltage is obtained from a 6.3-volt 
'| secondary winding on transformer T4. 


| 154. Output Amplifier V11 
(fig. 121) 

Output amplifier V11 uses a 6C4WA triode to 
further increase the variable 30-cycle signal and 
to feed the phase comparator circuit. 

a. The signal from controlled amplifier V5, 
coupled through capacitor C42, is applied across 
grid resistor R82 and to the grid of V1l. The 
‘joutput signal developed in transformer T2 is 
coupled to the phase comparator circuit and 
'| through capacitor C45 to variable fail-safe alarm 
| detector V7B. 
| 6. Capacitor C48, connected from grid to 
ground, filters out noise pulses and prevents any 
tendency for high-frequency oscillations to be 
_|developed in the amplifier. TEST switch S2 
|shorts the grid circuit to ground when held in 
'|VAR position. This action removes the signal 
_|voltage during phase comparator circuit balanc- 
jing adjustments. 
| ¢. Plate voltage for V11 is obtained from the 
_|power supply through transformer T2. Capaci- 
|tor C44 is shunted across the primary of trans- 
|former T2 to reduce harmonic distortion. Self- 
_|bias is developed across cathode resistor R83. 
| d. Filament voltage is obtained from a 6.3-volt 
_jsecondary winding on transformer T4. 
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155. Variable Level Alarm Detector V7A 
(fig. 122) 

Variable level alarm detector V7A uses one- 
half of a 6AL5W twin diode to rectify the varia- 
ble 30-cycle signal used to control variable level 
alarm thyratron V16. 

a. The variable 30-cycle signal from level alarm 
amplifier V3A, coupled through capacitor C47, is 
applied to the cathode of tube V7A. The plate 
of V7A is grounded. The voltage developed 
across VAR ALARM control R91 is fed through 
a low-pass filter, which consists of resistor R92 
and capacitor C48, to variable level alarm thyra- 
tron V16. 

6. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 


156. Variable Level Alarm Thyratron V16 
(fig. 122) 

Variable level alarm thyratron V16 uses a 5696 
thyratron to energize variable alarm relay RYQ. 

a. The rectified signal from V7A is applied 
through protective resistor R94 to the grid of 
Vi6. A negative bias of —6 volts de is obtained 
from the power supply through grid resistor R93. 
VAR ALARM control R91 is adjusted, with a 
preset signal input to V7A, to reduce the negative 
fixed bias and allow thyratron V16 to conduct 
and energize variable alarm relay RY2. Any 
decrease in signal input will cause the bias to cut 
off thyratron V16 and deenergize relay RY2. 

b. Plate voltage of 115 volts ac is obtained 
from a secondary winding of transformer T4 
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Figure 122. Variable level alarm detector V7A and variable level alarm thyratron V16, schematic diagram. 
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through current-limiting resistor R94 and the coil 
of variable alarm relay RY2. Filament voltage 
is obtained from a 6.3-volt secondary winding 
on transformer T4. 

c. The coil of variable alarm relay RY2 is 
shunted by capacitor C49, which charges and 
holds relay RY2 energized between pulses of the 
rectified variable 30-cycle signal applied to the 
erid of V17. Contacts 1R and 2R of relay RY2, 
current-limiting resistor R96, and VAR ALARM 
indicator I 2 are in series across a 6.3-volt wind- 
ing on the secondary of transformer T4. Con- 
tacts 3R and 4R of relay RY2 are in series with 
the 115 volts ac to the plate of reference fail-safe 
alarm thyratron V18. When relay RY2 deener- 
gizes, the 115-volt circuit to tube V18 is opened 
and the 6.3-volt circuit is closed, causing VAR 
ALARM indicator I 2 to light. 


157. Variable Fail-Safe Alarm Detector V7B 
(fig. 123) 

Variable fail-safe alarm detector V7B uses one- 
half of a 6AL5W twin diode to rectify the varia- 
ble 30-cycle signal used to control variable fail- 
safe alarm thyratron V1. 

a. The variable 30-cycle signal from output 
amplifier V11, coupled through capacitor C45, is 
applied to the cathode. The plate of V7B is 
grounded. The positive voltage developed across 
cathode resistor R84 is fed through a low-pass 
filter, which consists of resistor R85 and capacitor 
C46, to variable fail-safe alarm thyratron V15. 

b. Filament voltage is obtained from a 6.3-volt 
secondary winding on transformer T4. 


VARIABLE 
FAIL- SAFE ALARM 
DETECTOR 
V7B 
(1/2) 6ALSW 
2 cmt 
R85 R87 
470K | MEG 
C45 
VARIABLE | UF 
30-CYCLE A 
SIGNAL FROM 5 : : 
AMPLIFIE R R84 C46 R86 
LIFIE ae 
Vil 562K 6.3V AC U 470K 
-6V DC 
BIAS 
Figure 123. 
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158. Variable Fail-Safe Alarm Thyraton 
V15 
(fig. 123) 
Variable fail-safe alarm thyratron V15 uses a 
5696 tube to energize phase-alarm relay RY1. 


a. The rectified signal from V7B is applied 4 


through protective resistor R87 to the grid of 


V15. A negative bias of —6 volts de is obtained i 


from the power supply through grid resistor 
R86; this bias will cut off thyratron V15 when 
the rectified signal output of detector V7B drops 
below the preset level. 


b. Plate voltage of 115 volts ac is obtained | 
from a secondary winding on transformer T4 I 
through current-limiting resistor R88 and the coil | 
of phase alarm relay RY1. Filament voltage is _ 
obtained: from a 6.3-volt secondary winding on | 


transformer T4. 


c. The coil of phase alarm relay RY1 is shunted 
by capacitor C26, which charges and holds relay | 
RY1 energized between pulses of the rectified ; 
variable 30-cycle signal applied to the grid of ; 
V15. The coil of relay RY1 is also shunted by | 
contacts of COURSE RELAY meter M2 which _ 
short out the coil for a phase alarm. Contacts | 
1R and 2R of relay RY1, in series with resistor 
R41, are between ground and the output of the 
phase comparator circuit. Contacts 3R and 4h, | 
when closed, supply 115 volts ac to COURSE | 
Contacts 1L and © 
21 are closed when relay RY1 is deenergized and | 
shorts the coil of course alarm relay RY4. Re-~ 
sistor R33 is a current-limiting resistor in the - 
shorting circuit. Contacts 2. and 3L, which are | 


VARIABLE R33 TO PLATE OF 

FAIL-SAFE ALARM eee THYRATRON VI8 

THYRATRON } Recetas 
VI5 


“ali } 
4 3L ¥ 
1ISV AC FROM ALARM LOOP | 


RELAY meter M2 reset coil. 


| 
5696 
| ROME SESE ColteTER 
6 R88 
soos be tan | oo 
: & 15 FROM PHASE 
ior COMPARATOR 
AN 2 | 
4 — 
— , 115V AC FROM 
o POWER TRANSFORMER 
PHASE 
ALARM TO COURSE RELAY 
RELAY \ METER M2 
C26 = 4 
628. TM215-169 


Variable fail-safe alarm detector V7B and variable fail-safe alarm thyratron V15, schematic diagram. 


| closed when relay RY1 is energized, apply 115 
} volts ac plate voltage to reference fail-safe alarm 
thyratron V18 through the coil of relay RY4. 


159. Phase Comparator Circuit 
(figs. 124 and 125) 


The phase comparator circuit compares the 
phase difference between the variable 30-cycle 
signal from output amplifier V11 and the refer- 
| ence 30-cycle signal from output amplifier V12. 
| When a phase difference occurs, a direct current 
| is produced which deflects COURSE INDI- 
CATOR meter Ml and COURSE RELAY 
meter M2. 

a. Transformers T1 and T2 are identical. The 
reference 30-cycle signal, from output amplifier 
V12, is developed in the center-tapped secondary 
| of T1. The variable 30-cycle signal from output 
j amplifier V11 is developed in the center-tapped 
| secondary of transformer T2. The signal input 
| to T1 and T2 is adjusted so that the amplitude 
| of the current in one-half of the secondary of 
T1 very nearly equals the amplitude of the cur- 
rent in the full secondary of T2. Resistor R117 
presents a constant load to T1. By connecting 
the full secondary of T2 between the center tap 
| of T1 and ground, the output current of T2 (1.) 
is effectively in series with the two currents (I, 
j and I,) of T1. 

b. Rectifiers CR1 and CR2 in each leg of the 
T1 secondary permit the current in each leg to 
| flow in one direction only. Resistors R34 and 
R88 are current-limiting and load resistors for 
CR1 and CR2. Balance control R37 compensates 
| for the manufacturing tolerances of CR1 and 
| CR2, R34 and R38, and T1. The arm of balance 
| control R37 is the de output terminal of the 
| phase comparator circuit, and C25 filters this 
| output to prevent meter fluctuations. 

c. The de output of the phase comparator cir- 
| cuit is applied across the series meter circuit, 
| which consists of isolation resistor R82, 
| COURSE RELAY meter M2, COURSE INDI- 
| CATOR meter M1, sensitivity control R39, and 
isolation resistor R40, to ground. COURSE 
INDICATOR meter M1 and COURSE RELAY 
meter M2 indicate the deviation between the 
| reference and variable 30-cycle signals. COURSE 
RELAY meter M2 is equipped with contacts 
which cause an alarm by shorting the coil of 
phase alarm relay RY1 when deviation exceeds 
the preset level. When relay RY1 is deener- 


gized, contacts 1R and 2R furnish a ground 
connection through resistor R41 to protect me- 
ters M1 and M2 from high current values. De- 
energized contacts 8R and 4R of relay RY1 also 
apply 115 volts ac to the reset coil of COURSE 
RELAY meter M2. Sensitivity control R39 is 
a meter multiplier used to preset the amount of 
allowable phase deviation between reference and 
variable 30-cycle signals before the alarm system 
is activated. 

d. Figure 125 is a simplified schematic dia- 
gram that contains simple vector diagrams of 
the currents in the phase comparator circuit. 
The phase comparator has been divided into two 
sections for discussion purposes. Three basic 
currents are supplied to the phase sensitive cir- 
cuits: reference 30-cycle current (I,), through 
one-half the secondary of T1; reference 30-cycle 
current (I,), through the other half of T1 and 
180° out of phase with, but equal to, current 
(I,); and variable 30-cycle current (I.), which 
is 90° out of phase with (I,) and (I,) and has 
an amplitude approximately equal to (I, or I,). 
The 90° phase shift between variable and refer- 
ence 30-cycle signals was produced in phase-shift 
network $4/R72 (fig. 119). 

e. The application of reference and variable 
30-cycle signals to the phase comparator exactly 
90° out of phase will produce the resultant cur- 
rent (I,-) shown by vector diagram D. This 
vector is the vector sum of currents (I,) and (I.) 
circulating as shown in A. Diagram B com- 
bines currents (I,) and (1.) to produce resultant 
current (I,-), shown vectorially in E. There- 
fore, currents (I,.) and (1,.) flow in opposite 
directions: alternating current through the ca- 
pacitive reactance of capacitor C25 and direct 
current through meters M1 and M2. The result- 
ing rectified de output (I,) from rectifiers CR1 
and CR2 will be zero because currents (I,.) and 
(I,-) are equal but opposite through M1 and M2. 

f. When the reference 30-cycle signal is shifted 
in phase with respect to the variable 30-cycle 
signal (C and H), the de output to meters M1 
and M2 will be of an amplitude and polarity 
determined by the comparative amplitudes of 
vectors (I,-) and (I,-). The resultant direct 
current (I,) will assume the direction of the 
largest vector and deflect meters M1 and M2 an 
amount equal to the difference as shown in L. 

g. A shift in the phase of the variable 30-cycle 
signal with respect to the reference 30-cycle sig- 
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Figure 124. Phase comparator circuit, schematic diagram. 


nal results in vectors which are dominated by 
current (I,.) (F, G, and L) or current (In) 
(J, K, and L). The amplitude of the phase 
deviation will determine the degree of deflection 
indicated by meters M1 and M2. When failures 
occur in the carrier outputs of the antenna or in 
the monitor, an alarm will be triggered to pro- 
vide complete fail-safe warning to the operator. 


160. Integrated Alarm Circuit 
(fig. 126) 

The integrated alarm circuit will operate from 
any of the six alarms through a single pair of 
contacts which control the automatic transfer 
and/or shutdown functions. 

a. Bias relay RY5 is energized by the —6-volt 
bias from power supply rectifier V10 to sense 
the proper functioning of the power supply. 
Phase alarm relay RY1, variable alarm relay 
RY2, and reference alarm relay RY3 have their 
coils in series with the 115-volt ac plate voltage 
supply to respective thyratrons V15, V16, and 
V17. During normal equipment operation, each 
alarm relay is energized by plate current flow. 
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The 115-volt ac plate voltage for thyratron V18 ; 


is applied through one pair of contacts of each 


alarm relay (RY1, RY2, and RY8) and the coil | 
of course alarm relay RY4 to reach the plate. — 
Other than normal operation of any of the alarm ~ 
circuits will open the appropriate alarm relay — 
and deenergize course alarm relay RY4. Course _ 
alarm relay RY4 is also deenergized when ref-— 


erence fail-safe thyratron V18 is cut off or when 


course deviation exceeds the preset limits of 
COURSE RELAY meter M2. 


Excess course — 


deviation closes the contacts of COURSE RE-_ 
LAY meter M2, shorting phase alarm relay RY1 


coil. 


Whenever phase alarm relay RY1 deener- | 


gizes, contacts 1L,/2L will short the coil of course — 
alarm relay RY4 in addition to breaking the — 


plate voltage supply to thyratron V18. 


6. Contacts 3R and 4R on course alarm relay — 
RY4 furnish a ground return for relay O 206 — 
in the C-1738/FRN-20 and relay K601 in the 


C-1840/F RN-22. 


The opening of contacts 3R 


and 4R on course alarm relay RY4 will shut 


down the operating equipment and start the 


transfer cycle to the alternate equipment. 


“UDLODUP IVJDUAYIS PAYYAUMrs ‘YANIM) L0J0LNAMLOI ASDYd “Gey aAnbugq 


145 


IZI-GSIZWL t 


‘ZW ONV IW HONOYHL ONISSVd (°T) LNSYYND 
Q3IdI1L934 LNVLINSSY MOHS SNOILVNOS 


:3LON J 
+0) 
I fo) 
I 
. | 
207-947 -07 | se 
ag kB ee 
oq J-2O7=-97 
ear < Pr 3 ‘ 
I 
O=°L a 
27 = 207 | sas ay | os 
| [= 729% 
oT a 
IIA YS3lsINdNY IA YalsiIdwv 
INdino indino 
WOYS IVNOIS WOYS TVWNSIS 
g 319A0-0€ Vv 319A9 -0€ 
JISVINVA JTAVINWA 
eeu eyo 
AS a ees ord Se Si4=- 
| 
NOS | 
6¢Eu L 
9 


10 


’ 
a 
ZIA YAlJINdWY S “) ih eet 


| INdino 


000'! WOUS IVNOIS 
atte BE eke 4¢u 2. 319A9-0€ 
e 3JON3YN3I3u 


SON34353u 


“UDO OYDUAYOS ‘QINIdND WAD1D pazosbaquy “96T OUND 


221-SIZWL OV Ags OV AZO OV Ago oV Ag’9 
=e € ay € aD toes is = PORE 
2 v, A oy, zZ OF, z \/ 
al : Er 7 Gi : a : 
2-S 969S 2-S 969S 2-S 969S 2-S 969S 
SIA GIA SIA LIA 
9 NOYLVYAHL 9 NOYLVYAHL 9 NOYLVYAHL 9 NOYLVYAHL 
O00 _WaV1V 343VS-11V4 Boee Wuviv 33VvS-1IV4 Brae WYV1V 13A37 ee WHV1V 13A31 
62y SON3Y¥3554Y 88u SIEVIYVA S6u JIEVIYNVA ¢2u J9ON3¥35534u 
jn OS2 
€29 


AW134u AWw134y 
WV Vv WV 1V AV134 
JTAVINVA JON3YN3I3u svig 
€AY 
OIA 
yad1LO3y 
ZeNUS/OBI-9 TOUL WOYS 
-NOO YSSSNVYL L3S (oye) 90 AQ- 
OldVY NI 109% AV13u Secu | 
GNV O2-NY4/8E21-9 mas ub 
JOYLNOD 13S O1aVY | bil WOUd 
NI902 O AV13¥ OL —o. $e + a OV ASII 


— ye | 
| 
Yu2 
YI 
v Ilpby WOUS dV Ac'9 
3asynoo = S1SVINVA 3ON3Y3453u 
Fas es bee” ee LINDYIO 
SWUV IV HOLVE YANO SWUV IV 
MOD L3S3ay + 3SVHd WOYS 


2n AV13u 3SUNOD 


146 


1ST AUDIO 
AMPLIFIER 


V9A 
(1/2) l2AU7TWA 


C50 C52 
eo 02 UF 
| SIGNAL FROM 
| INPUT LEVEL 

CONTROL RI 
RO? 
470K 


+250V DC 
REGULATED = 


| 161. First Audio Amplifier V9A 
(fig. 127) 
First audio amplifier V9A uses one-half of a 
12AU7WA twin triode to increase the detected 
‘signal from INPUT LEVEL control R1. 
| a. The signal from R1, coupled through ca- 
pacitor C50, is applied across grid resistor R97. 
| The output signal developed across plate load 
resistor R99 is coupled through capacitor C52 to 
audio output amplifier V9B. 
| 0. Plate voltage for V9A is obtained from the 
| power supply through plate load resistor R99. 
| Self-bias is developed across cathode resistor 
R98, which is bypassed by capacitor C51. 
c. Filament voltage is obtained from a 6.3- 
| volt secondary winding on transformer T4. 


| 162. Audio Output Amplifier V9B 

(fig. 127) 

Audio output amplifier V9B uses one-half of a 
| 12ZAU7WA twin triode to increase the audio 
| signal from V9A. 

| a. The input signal from tube V9A, coupled 
| through capacitor C52, is applied across grid 
resistor R100. The output signal developed 
across output transformer T3 is coupled through 


AUDIO OUTPUT 
AMPLIFIER 


V9B 
(172) l\2AU7WA 


oa TO AURAL 
MONITORING 
CIRCUITS 


+250V DC 
= REGULATED 


TM215-173 


Figure 127. First audio amplifier V9A and audio output amplifier V9B, schematic diagram. 


receptacle J2 to the C-1738/FRN-20 aural moni- 
toring circuits. 

b. Plate voltage for V9B is obtained from the 
power supply through transformer T3. Capaci- 
tor C53 across the primary of transformer T3 
reduces the noise level and prevents harmonic 
distortion. Self-bias is developed across cathode 
resistor R101. . 


163. Cathode Follower VI3A 
(fig. 128) 

Cathode follower V18A is the first stage of the 
vacuum-tube voltmeter circuit and uses one-half 
of a 12AX7 twin triode to amplify the input 
signal. 

a. The input signal from LEVEL switch S1, 
coupled through capacitor C54, is applied across 
grid resistor R102. The output signal is devel- 
oped across cathode resistor R103 and coupled 
through capacitor C55 to amplifier V13B. 

b. Plate voltage is obtained directly from the 
power supply. 


164. Amplifier V13B 
(fig. 128) 
Amplifier V13B uses one-half of a 124 X7 twin 
triode to increase the signal from tube V13A. 
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REFERENCE INPUT VARIABLE 
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CONTROL CONTROL CONTROL 
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RECTIFIER 
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Figure 128. Cathode follower V13A, amplifier V13B, and meter rectifier V14, schematic diagram. 


a. The signal from V13A, coupled through 
capacitor C55, is applied across grid resistor 
R104. The output signal developed across plate 
load resistor R105 is coupled through capacitor 
C56 to meter rectifier V14. 

b. Plate voltage for V13B is obtained from 
the power supply through plate load resistor 
R105. Filament voltage for V13 is obtained 
from a 6.3-volt secondary winding on _ trans- 
former T4. 


165. Meter Rectifier V14 
(fig. 128) 

Meter rectifier V14 uses a 6ALS5W twin diode 
to rectify the signal voltage from V13B and indi- 
cate the signal amplitude on LEVEL METER 
M3. 

a. The signal from V13B, coupled through ca- 
pacitor C56, is applied to the plate of the first 
section of V14 and through METER BAL- 
ANCE control R106 to the cathode of the sec- 
ond section. Positive signal peaks are shunted 
to ground in the first section of V14 to permit 
only the negative peaks to be rectified. This 
charges capacitor C57. LEVEL METER M3 
indicates the voltage across capacitor C57. 

6. METER BALANCE control R106 balances 
out the contact potential of V14. With no sig- 
nal input to the vtvm, the contact potential of 
the first section of V14 polarizes one end of 
METER BALANCE control R106 positive, and 
the second section of tube V14 polarizes the op- 
posite end of control R106 negative. METER 
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(1/2) 12AX7 


SENSITIVITY 
R107 | 


250K 
C57. 
220K ¢ | ~.5 UF 
+250V DC TM215-174 
REGULATED 


BALANCE control R106 is adjusted to the point 
where these contact. potentials cancel and 
LEVEL METER M3 indicates zero. 

c. Sensitivity control R107 calibrates LEVEL 
METER MsB to indicate 100 with an input signal 
of 0.2 volt ac to the vtvm. 

d. Filament voltage is obtained from a 6.3- 
volt. secondary winding on transformer T4. 


166. Rectifier V10 
(fig. 129) 

Rectifier V10 uses a 5R4WGA full-wave recti- 
fier to develop +500 volts de to feed series regu- 
lator V21 and V22. 

a. The 115 volts ac from circuit breaker K1004 
in the shelter is applied through receptacle J3, 
fuse F1, and switch 83 to the primary of trans- 
former T4. Capacitors C58 and C59 are each 
connected between one side of the ac line and 
ground to balance out noise pulses. A center- 
tapped, high-voltage winding on the secondary 
of T4 furnishes 400 volts ac to the plates of V10. 

6. The high-voltage center tap is connected to 
ground through bleeder resistor R116 paralleled 
by the coil of bias relay RY5 and filter capacitor 
C65. This provides —6 volts de to bias the thy-_ 
ratrons. 

c. The +500-volt de output of V10 is filtered 
by a capacitor-input filter consisting of C60, C61, 
and L3. Filament voltage is supplied by a 5-volt 
secondary winding on transformer T4. 

d. The secondary of ‘T4 contains a 115-volt 
winding that furnishes the operating voltage for 
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thyratrons V15 through V18. Transformer T4 
also contains three 6.3-volt windings that fur- 
nish the filament voltage for all tubes in the 
monitor and the voltage to operate pilot and 
alarm lamps. One 6.3-volt winding, with the 
center tap grounded, furnishes filament voltage 
to regulator amplifier V19. The second 6.3-volt 
winding, with the center tap connected to the 
cathodes of series regulator tubes V21 and V22, 
furnishes the filament voltage for regulator tubes 
V21 and V22. The third 6.3-volt winding has 
the center tap grounded and furnishes filament 
voltage to all other tubes in the monitor and 
operating voltage for the alarm lamps. This 
winding also furnishes 6.3 volts through current- 
limiting resistor R108 to POWER on pilot lamp 
lay 


167. Series Regulator V21 and V22 
(fig. 130) 

Series regulator V21 and V22 uses two 6AQ5W 
pentodes connected as triodes to regulate the 
+500 volts de from tube V10 and furnish 
+250 volts de for the tubes in the monitor. 

a. The +500 volts de from V10 is parallel- 
connected to the plates and screen grids of V21 
and V22 to provide sufficient current. The grids 
of V21 and V22 are connected through sup- 


SERIES 
REGULATOR 


+500V DC RIO9 RIIO 
FROM 560K 220K 
RECTIFIER 
VIO AND 
FILTER 
SERIES 
TO 
Ree ee CENTER TAP 
6AQSW OF 6.3VAC 
WINDING 
Figure 130. 
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Regulator amplifier V19, voltage regulator V20, and series regulator V21 and V22, schematic diagram. 


\ 
we: 


pressor resistors R111 and R112 and are fed 
from regulator amplifier V19. 
b. A voltage drop of 250 volts across V21 and 


V22 provides a +250-volt de output at their | 
Additional filtering of the output. 


cathodes. 
voltage is provided by filter capacitor C64. 
c. The voltage drop across V21 and V22 is” 


controlled by the voltage on their grids which is_ 
received from regulator amplifier V19. When the 
output voltage is too high, the voltage on the 
grids of V21 and V22 will cause the voltage | 
drop across these tubes to increase, thus regu-— 


lating the output voltage at +250 volts. 


d. Filament voltage is obtained from a 6.3- | 


volt secondary winding on transformer T4. 
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168. Regulator Amplifier V19 and Voltage | 


Regulator V20 
(fig. 180) 


Regulator amplifier V19 uses a 6AU6WA pen- | 
tode to increase and invert output voltage vari- 
ations and feed a corrective signal to the grids of 
Voltage regulator V20 uses an 
OA2WA tube to maintain the cathode of V19_ 


V1 and V2z2. 


at a constant de potential. 


a. The +250-volt de output of V20 and V21_ 
is applied to the grid of V19 through voltage - 
Capacitor i 


dividing resistors R113 and R114. 


REGULATOR 


AMPLIFIER 
vig 
6AUGWA 


+250VDC 
REGULATED ~ 
OUTPUT 
VOLTAGE 
REGULATOR 
20 
Gown TM215-176 


| C63 shunts resistor R113 to improve regulation 
| by absorbing short surges. The output of V19, 
developed across plate load resistor R110, is 
| applied to the grids of V21 and V22. 
| 06. Plate voltage for V19 is obtained from the 
+500-volt de output of V10 through series drop- 
| ping resistor R109 and plate load resistor R110. 
The voltage fluctuations amplified by V19 are 
filtered by capacitor C62. . Screen voltage for 


V19 is obtained from the +250-volt output. 
Capacitor C66 is a cathode bypass capacitor. 

c. Voltage regulator V20 is connected between 
the cathode of V19 and ground. Voltage to 
ionize tube V20 is obtained from the +250-volt 
de regulated output through resistor R115. 

d. Filament voltage for V19 is obtained from 
a 6.3-volt secondary winding on transformer T4. 


Section XV. THEORY OF POWER SUPPLY PP—1415/FRN—22 


169. General 
_ Power Supply PP-1415/FRN-22 provides —12 
| volts de to operate the control and simplex cir- 
j cuits. For complete circuit details, refer to the 
| schematic diagram (fig. 131). 


| 170. Rectifier CR1201 

(fig. 131) 

Rectifier CR1201 is a full-wave, single-phase, 
dry-disk, copper-sulfide bridge rectifier that rec- 
| tifies ac voltage and provides a —12-volt de out- 

ut. 

F a. The 115 volts ac from circuit breaker K1004 
Jin the shelter is fed through receptacle J1201 


and fuse F1201 to the primary winding of step- 
down transformer T1201. The secondary wind- 
ing of transformer T1201 has four taps. Each 
of the taps is connected to a terminal on ter- 
minal board TB1201. 

6. The input to rectifier CR1201 may be con- 
nected to any of the four terminals on terminal 
board TB1201. The proper terminal is deter- 
mined by the load on the —12-volt de supply. 

c. The output voltage is filtered by capacitors 
C1201 and C1202 and connected through fuse 
F1202 and terminal board TB1202 to the C-1738/ 
FRN-20. The positive lead is grounded at the 
C-1738/FRN-20. 
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Section XVI. THEORY OF RADIO SET CONTROL C-1739/FRN—20 


171. General 


The remote control unit controls the operation 
of the omnirange set from a remote location and 
}monitors the operation of the omnirange set. 
| The remote control unit also controls the facili- 
ties used for voice modulation. For complete 

circuit details, refer to the schematic diagram 
(fig. 286). 


1172. Dial and Audio Signal Circuits 

(fig. 132) 

The dial circuits are used to turn on or off the 
}omnirange set and to place the C-1840/FRN-22 
Jin standby condition. The audio circuits form 
jan intercom between the local and remote loca- 
{tions, provide aural monitoring of the audio 
joutput signal from the monitor, and provide a 
‘mneans to voice modulate the RF carrier. 

a. The 115-volt ac input at receptacle J503 is 
japphed through fuse F501 to the primary of 
jtransformer T502. <A 115-volt winding on the 
jsecondary of T502 furnishes 115 volts ac to dial 
}1 501. This voltage is interrupted by I 501 and 
|provides pulses corresponding to the number 
dialed through deenergized contacts of press-to- 
talk relay O 501, transformer T501, and the tele- 
phone line. 

b. The audio output signal from the monitor 
jand the intercom signal are carried from the 
omnirange site to terminal board E501 in the 
jremote control cabinet (fig. 16) over the tele- 
|phone line. These signals are fed from terminal 
jboard E501 through transformer T501 to recep- 
jtacle J501. Handset HS1 is connected to re- 
|ceptacle J501 to receive these signals. 
ce. The audio signal from microphone MK1 is 
japplied through receptacle J502 and terminal 
\board E501 to the AM-1247/FRN-20. The 
jaudio signal from the AM-1247/FRN-20 is 
japplied through terminal 6 on terminal board 
| H501 to contact + and 5 of dial I 501 to trans- 
former 501, through contacts 2 and 1L of 
press-to-talk relay O 501 and over the telephone 
jline to the omnirange site. Press-to-talk relay 
|O 501 is energized by 6.3 volts ac from a winding 


on transformer T502. The ground return for 
the O 501 coil is through receptacle J502 and the 
press-to-talk switch on microphone MK 1. 


173. Indicator Circuits 
(fig. 133) 

The indicator circuits provide a visual and an 
audible indication as to the status of the trans- 
mitting equipment by two indicator lamps and 
a buzzer. 

¢. Buzzer I 502 and indicator lamps I 503 and 
and I 504 are operated on 6.3 volts ac received 
from transformer T502. The operation of these 
indicators is controlled by connecting or removy- 
ing the ground return to each by the action of 
relay O 502. 

6. ALARM SELECTOR switch S501 should 
be set to the down position when the transmit- 
ting equipment is dialed off. This action will 
silence buzzer I 502 by removing the ground 
return. 

c. When the warmup condition is dialed for 
either transmitting equipment, +12 volts de is 
apphed through the telephone line to trans- 
former T501. The +12 volts is then fed from 
the center tap of T501 through contacts 2 and 3 
of relay O 501, rectifier CR502, and contacts 8 
and 9 of switch S501 to the coil of relay O 502. 
Relay O 502 energizes and places a ground re- 
turn on indicator lamps I 503 and I 504 and 
buzzer 1 502. Switch S501 must be in the center 
position to silence buzzer I 502. Amber indi- 
cator lamp [I 508 indicates when the transmitter 
is on. 

d. When omnirange operation is dialed for 
either transmitting equipment, and sufficient time 
is allowed for the monitor to become stabilized, 


—12 volts de is apphed to T501 from the tele- 
phone line. 


The —12 volts is applied through 
contacts 2C and 8C of relay O 501. Switch 
S501 should be placed in the up position. This 
position applies 6.3 volts from transformer TS502 
to green Indicator lamp I 504, which is grounded 
through the contacts of relay O 502. When 
green VOR ON lamp I 504 is on, the omnirange 
set 1s functioning properly. 
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174. Block Diagram 
(fig. 134) 

Audio Frequency Amplifier AM-1247/ FRN-20 
receives from the remote control unit the audio 
signal produced by microphone MKi1 and am- 
plifies it to provide a constant output level of 
0 db. The signal path is shown in the block 
diagram (fig. 134) and is discussed in a through 
f below. For complete circuit details, refer to 
the overall schematic diagram (fig. 287). 

a. The audio signal is coupled to input ampli- 
fier V1 and V2 where it is amplified and coupled 
to second amplifier V3. 

b. Second amplifier V3 further amplifies the 
signal and feeds it to output amplifier V4 and 
age amplifier V6. 

c. Output amplifier V4 increases the signal 
strength to provide a 0-db output level. 

d. Age amplifier V6 increases the signal 
strength enough to overcome the threshold bias 
on age detector V5. 

e. Age detector V5 rectifies the signal and de- 
velops the age voltage applied to the grids of 
input amplifier V1 and V2. 

f. De operating voltages are developed by rec- 
tifier V7. 


175. Input Amplifier V1 and V2 
(fig. 135) 

Input amplifier V1 and V2 uses two 6SATY 
heptodes connected as a push-pull amplifier to 
amplify the audio signal and provide speech 
compression above a preset level. 


transformer T1. The center-tapped secondary | 
of T1 feeds the audio signal to the injection | 
grids of V1 and V2. The output signal is de- | 
veloped in transformer T2 and coupled to sec: } 
ond amplifier V3. | 
b. Plate voltage for V1 and V2 is obtained 
from rectifier V7 through series resistor R5 and | 
shunt feed resistors R6 and R7. Capacitor C2 
isolates the primary of T2 from the de plate. 
Audio signals are isolated from the B+ supply. 
by capacitor C1 and resistor R5. A bleeder, | 
consisting of resistors R2, R3, and Ré4, is con- 
nected between rectifier V7 output and ground. 
Screen voltage for V1 and V2 is taken from the 
junction of resistors R3 and R4. The cathodes 
of V1 and V2 are connected to the junction of 
R2 and R3 to obtain fixed bias. An age bias is 
applied to the control grids of V1 and V2 when- 
ever the signal level rises above the preset level, 
c. Filament voltage is obtained from the 6.38) 
volt center-tapped winding on transformer T5. ‘ 


176. Second Amplifier V3 
(fig. 136) 

Second amplifier V3 uses a 6SN7WGTA twin | 
triode connected as a push-pull amplifier to fur 
ther amplify the audio signal. | 

a. The signal from V1 and V2, coupled throug! | 
transformer T2, is applied to the push-pull grids 
of V3. The output signal, developed across plate | 


: 
ii} 
5. 


AUDIO SIGNAL FROM INPUT OUTPUT 4 
MICROPHONE MKI THRU AMPLIFIER AMPLIFIER AMPLIFIER AUDIO SIGNAL Tay 
TO RADIO SET CONTRO}! 

RADIO SET CONTROL VI v2 V4 C=1730/E RNS 
C-1739/FRN-20 6SA7Y 6SA7Y 6SN7WGTA 6SN7WGTA | 


AGC 
DETECTOR 
v5 
6HEWGT 


RECTIFIER 
115V AC INPUT 


+250V DC 


AGC 
AMPLIFIER 


6SN7WGTA 


TM215-182 


Figure 134. Audio Frequency Amplifier AM-1247/FRN-20, block diagram. 
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load resistors R9 and R10, is coupled through 
jcapacitors C3 and C4 to output amplifier V4 and 
age amplifier V6. 

b. Plate voltage is obtained from rectifier V7 
through plate load resistors R9 and R10. Self- 
bias is developed across cathode resistor R8. 
| c. Filament voltage for V3 is obtained from 
ithe 6.3-volt center-tapped winding on_trans- 
former T5. 


FROM PLATES OF INPUT 
AMPLIFIERS VI AND V2 


Figure 136. 


INPUT AMPL oe 


TO GRIDS 
OF 2D 
AMPLIFIER 
V3 


FROM 
AGC DETECTOR 
v5 


TM215-183 


Figure 135. Input amplifier V1 and V2, schematic diagram. 


177. Output Amplifier V4 
(fig. 137) 

Output amplifier V4 uses a 6SN7TWGTA twin 
triode connected as a push-pull amplifier to am- 
plify the audio signal to the preset level. 

a. The input signal from V3, coupled through 
capacitors C3 and C4, is applied across grid 
resistors R11 and R12 to the push-pull grids of 
V4. The output signal developed in transformer 


2D AMPL a 


V3 
6SN7WGTA 


TO GRIDS OF OUTPUT 
AMPLIFIER V4 


AND 
AGC AMPLIFIER V6 


-)UF 
TM215-184 


+250V 
DC 


Second amplifier V3, schematic diagran. 
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OUTPUT AMPL 


C3 
TUF v4 
6SN7WGTA 


FROM 2D 
AMPLIFIER 
V3 


Figure 137. 


T3 is applied through receptacle J2 to the remote 


control unit. 
b. Plate voltage is obtained from rectifier V7 


through the center tap of T3. Self-bias is de- 
veloped across cathode resistor R13, which is 


bypassed by capacitor C5. 
c. Filament voltage is obtained from a 6.38-volt 


center-tapped winding on transformer T5. 


178. Age Amplifier V6 
(fig. 138) 

Age amplifier V6 uses a 6SN7WGTA twin 
triode connected as a push-pull amplifier to 
amplify the audio signal enough to overcome the 
threshold bias on age detector V5. 

a. The input signal, coupled through capaci- 
tors C3 and C4, is applied to the push-pull grids 
of tube V6. The output signal developed in 
transformer T4 is coupled to the plates of age 
detector V5. 


C3 AGC AMPL 


V6 
6SN7 WGTA 


INPUT 
FROM PLATES OF 
v3 


Figure 138. Agc amplifier V6, schematic diagram. 
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Output amplifier V4, schematic diagram. 


AUDIO SIGNAL 
TO RADIO SET CONTROL 
C-I739/FRN-20 


b. Plate voltage is obtained from rectifier V7) 
through the center tap of transformer T4. Self. 
bias is developed across cathode resistor R20. | 

c. Filament voltage is obtained from the 6.3. 
volt center-tapped winding on transformer TS. ] 


179. Age Detector V5 
(fig. 139) 

Age detector V5 uses a 6H6OWGT twin diode 4 
as a full-wave rectifier to adjust and filter the. 
audio signal and provide an age bias. 

a. The signal, coupled through transformer 
T4, is applied to the plates of V5. When t 
positive peaks of the audio signal increase! 
enough to overcome the positive de bias applied | 
to the tes of 5, the tube will sora 


et See Me dhs ers 


ag 


control grids of input apis V1 and V2. | 


4 

i" 
a 

G dl 

a 

G TO AGC DETECTOR 4 
v5 i) 

G hl 

q 

DC TM215-186 


- ctpeiatieciaastl 


AUDIO FROM B 
AGC AMPLIFIER V6 


AGC OUTPUT 


TO CONTROL GRIDS 
OF 


VI AND V2 


AGC DET 
V5 
6H6WGT 


THRE SHOLD 
CONTROL 


+250V 
DC 


TM215-187 


Figure 139. Age detector V5, schematic diagram. 


| 6. The positive de bias applied to the cathodes 
{is obtained from the arm of threshold control 
| R16. Threshold control R16 is connected in 
| series with bleeder resistor R15 across the power 
supply. 

| c. Filament voltage is obtained from the 6.3- 
| volt center-tapped winding on transformer T5. 


180. Rectifier V7 
(fig. 140) 

Rectifier V7 uses a 5V4G full-wave rectifier to 
| develop +250 volts de for the plate and screen 
requirements of the tubes in the AM-1247/ 
| FRN-20, 


RECT 


V7 
5V4G 


TO REO 


350V AC 
1OOMA 


RED YEL 


350V AC 
1OOMA 


BLK 


a. The 115 volts ac is applied through recep- 
tacle J3 and fuse F1 to the primary of trans- 
former T5. A center-tapped high-voltage wind- 
ing.on the secondary of T5 furnishes 350 volts 
ac to the plates of V7. 

b. The output of V7 is filtered by a choke 
input filter consisting of chokes L1 and L2 and 
three-section capacitor C7. Bleeder resistor R15 
and threshold control R16 furnish the bleeder 
current and provide a discharge path for ca- 
pacitor C7. Threshold control R16 also provides 
a positive potential to control the operation of 
tube V5. Filament voltage is supplied by a 
5-volt winding on transformer T5. 


TO CATHODES 
OF 


RIG VS 
100K 
THRESHOLD 
CONTROL 


TM215-188 


Figure 140. Rectifier V7, schematic diagram. 
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Section XVIII. THEORY OF RADIO SET CONTROL C—1738/FRN—20 


181. General 

Radio Set Control C-1738/FRN-20, working 
in conjunction with other units, provides facili- 
ties to control the operation of the omnirange 
set. 


182. Circuit Details . 
Complete circuit details for the C-1738/FRN- 
20 are discussed in the interunit theory sections. 


The overall schematic diagram is shown in figure > 


288. 


Section XIX. THEORY OF RELAY ASSEMBLY RE-248/FRN—22 


183. General 


Relay Assembly RE-248/FRN-22, working in 
conjunction with other units, provides facilities 
to control the operation of the omnirange set. 


184. Circuit Details 


Complete circuit details for the RE-248/FRN- il 
22 are discussed in the interunit theory sections. | 


The oyerall schematic diagram of the auxiliary 
control unit is shown in figure 289. 


Section XX. THEORY OF RELAY ASSEMBLY RE-247/FRN—22 


185. General 


Relay Assembly RE-247/FRN-22 provides fa- 
cilities to control the ac power to the units of 
the omnirange set. 


Section XX]. 


187. General 


Radio Set Transfer Control C-1840/FRN-22 
automatically dials the standby transmitting 
equipment when actuated by an alarm from the 
monitor. The C-1840/FRN-22 will dial first one 
equipment, then the other until the monitor 
receives a normal signal or until each transmit- 
ting equipment has been tried three times. The 
seventh cycle of the C-1840/FRN-22 will turn 
off both transmitting equipments. 


188. Standby Condition 
(fig. 141, contained in separate envelope) 

Number five on either dial of the omnirange 
set must be dialed to place the C-1840/FRN-22 
in standby. 

a. When number five is dialed, —12 volts 
from the contacts of slow release relay O 201 in 
the C-1738/FRN-20 is applied through pin 11 
of receptacle J602 and the contacts of minor 
switch K605D to the coil of relay K601. Relay 
K601 will energize if the monitor has received 
a normal signal and closed course alarm relay 
RY4, which furnishes the ground return to relay 
K601. <A voltage of —12 volts is also applied 
from the contact arm, in position number five, 
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186. Circuit Details 


Complete circuit details for the RE -247/ A 
FRN-22 are discussed in the interunit theory sec- | 
The overall schematic diagram of the | 


tions. 
power control unit is shown in figure 290. 


THEORY OF RADIO SET TRANSFER CONTROL C—1840/FRN—22 


of minor switch K201 in the C- 1738/FRN-20 | 
through pin 1 of receptacle J602 to the op 1 


contacts of relay K601. 


6b. The —12-volt control voltage to oe ¢ dialing i 
circuits is fed through contacts of relays K602 | 
and K603 to disable the dials during the transfer | 
This circuit also provides holding voltage | 
The keyed tone is applied | 


cycle. 
for relay K601. 
through resistor R601 and contacts of relay K604 
for muting during a transfer cycle. 


189. Operation 


(fig. 141, contained in separate envelope) 


The transfer cycle of the C-1840/FRN-22 is | 
started when the monitor detects an abnormal i 
signal and produces an alarm. The first cycle | 
of the C-1840/FRN-22 always dials equipment | 
No. 1 regardless of which equipment was in | 


operation. 


a. An alarm from the monitor causes relay | 
Twelve volts is then fed | 
through contacts 1R and 2R of relay K601,_ 
contacts 1, and 2L of relay K603, and contacts | 
of minor switch K605C to the coil of relay K602. — 
Relay K602 energizes and opens the contacts to | 
disable the manual dial, closes the 115-volt a¢ — 


K601 to deenergize. 


circuit to the motor of sequence timer S601, and 

jcloses the —12-volt holding circuit for relay 

K602. 

b. Sequence timer S601 starts operating from 
115 volts ac through receptacle J601 and fuse 
F601 when relay K602 closes. The cam speed of 
| the sequence timer is one-quarter rpm on 60-cycle 
power and ¥% rpm on 50-cycle power. The fol- 
lowing time elements are based on a cam speed 
jof one-quarter rpm. 

(1) Cam A actuates switch S601A 624 sec- 
onds after the motor starts. Switch 
SG6OLA is in the motor cireuit and allows 
the sequence timer to complete a cycle 
regardless of relay action. 

(2) Cam B actuates switch S601B 634 sec- 
onds after cam <A operates. Switch 
S601B feeds —12 volts through con- 
tacts 2 and 3 of S601B and contacts 1 
and 2 of switch S601C to the contact 
arm of minor switch K605A. The 
minor switch contact arm supplies 
—12 volts through receptacle J601 to 
either equipment No. 1 or equipment 
No. 2 warmup relays, depending on the 
position of the contact arm. 

(3) Cam C actuates switch S601C 6624 sec- 
onds after cam B operates. This time 
element allows enough time for the tube 
filaments to warm up. Switch S601C 
removes the —12 volts from the contact 
arm of minor switch K605A and ap- 
plies —12 yolts to the coil of relay K603. 
Relay K603 supplies —12 volts to the 
coil of relay K601 so it can energize as 
soon as the monitor clears the alarm. 
Switch S601C also applies —12 volts 
through contacts 1 and 2 of switch 
S601D to the step coil of K605D. This 
moves the contact arms of minor switch 
K605 to the next position. 

(4) Cam D actuates switch S601D 624 sec- 
onds after cam C operates. Switch 
S601D removes the —12 volts from the 


step coil of K605D and applies —12 


volts to the coil of relay K604. Relay 
K604 energizes, feeding —12 volts 


through contacts 2R and 8R to the con- 
tact arm of minor switeh K605B, and 
receptacle J602 to either equipment No. 
1 or equipment No. 2 omni relays 
(O 205 and O 302, respectively, fig. 155), 
depending on the position of the con- 
tact arm on K605B. 

(5) Cam B returns switch S601B to standby 
position 133% seconds after cam D op- 
erates. This allows enough time for 
transmitting equipment to stabilize and 
the monitor to clear the alarm. Switch 
S601B deenergizes relays K602, K603, 
and K604. Cam C returns switch S601C 
to standby position 624 seconds after 
cam B returns to the home position. 
Cam D returns switch S601D to standby 
position 624 seconds after cam C re- 
turns to the home position. Cam A 
returns switch S60LA to standby posi- 
tion, turning off the motor 184% seconds 
after cam D returns to the home 
position. 

c. Resistor R602 and capacitor C601 provide 
damping for the step coil of minor switch K605. 

d. Thermal relay K606 resets minor switch 
KK605 in the event of a power failure. Without 
this reset feature, six power failures or a com- 
bination of alarms and power failures would 
move minor switch K605 to the station shutdown 
position. The 115 volts ac to the motor of se- 
quence timer S601 also heats thermal relay K606. 
The normally closed contacts of IKX606 remain 
open during normal operation of the transmit- 
ting set. A power failure allows the heaters to 
cool and the contacts of K606 to close. When 
the power is returned, —12 volts is applied 
through the closed contacts of KX606 to the re- 
lease coil of minor switch K605. The release 
coil of IKK605 returns the contact arms to their 
home position. 


Section XXII. THEORY OF VOLTAGE REGULATOR CN-358/FRN-—22 


190. Block Diagram 
(fig. 142) 
Voltage Regulator CN-358/FRN-22 provides 
la stable source of ac power for operation of com- 
ponents in the omnirange set. The voltage path 


is shown in the block diagram and is discussed in 
a through f below. For complete circuit details, 
refer to the overall schematic diagram (fig. 291). 

a. The input voltage is applied to buck-boost 
transformer T4 and powerstat transformer T3. 
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POWER 
CIRCUIT 


INPUT BUCK- BOOST 
TRANSFORMER 


195 TO 
255V AC 


POWERSTAT 
TRANSFORMER 
rs 


Figure 142. 


A portion of the output voltage is fed through 
the control circuits before being applied to the 
output. 

b. Bridge unit R2 receives a portion of the 
output voltage. If the output voltage is either 
above or below the preset value of 230 volts ac, 
the bridge unit feeds a control voltage to thyra- 
trons V1 and V2. 

c. The polarity of the voltage from the bridge 
unit determines which thyratron will conduct. 

d. Relays RL1 and R12 are energized by the 
current from their respective thyratrons and 
close the ac circuit to motor B1. 

e. Motor B1 rotates in either direction, de- 
pending on which relay closes. Motor B1 posi- 
tions a brush assembly on powerstat transformer 
T3. 

f. The brush assembly of powerstat trans- 
former T3 feeds a voltage to buck-boost trans- 
former T4 that either adds to or subtracts from 
the input voltage to regulate the output. 


191. Power Circuit 
(fig. 143) 


The power circuit consists of motor-driven 


variable transformer T8, buck-boost transformer 


T4, and overload circuit breaker K1. 
a, An ac voltage of 195 to 225 volts is applied 
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Voltage Regulator CN-358/FRN-22, block diagram. 


CONTROL | 
CIRCUIT 


VOLTAGE 
REGULATED 
OUTPUT 
230VAC 
BRIDGE 
UNIT 
R2 
THYRATRONS 
vi v2 
2050 2050 
RELAYS 
RLI, RL2 
TM215-194 


to the voltage regulator to obtain a regulated 
230-volt ac output. The input voltage is ap- 
plied through circuit breaker K1 to transformer) 
T3. One side of the line is connected through | 
the secondary of transformer T4 to output ter- 
minal 4 on terminal board TB1. The other side | 
of the line is connected straight through the | 
voltage regulator to terminal 38 output terminglld 
board TB1. | 

6b. A change in output voltage causes a relay, 
in the voltage regulator control circuit to close 
the 115-volt circuit from a tap on transformer | 
T3 to motor Bl. K 


| 


This causes motor B1 to rotate | 
in the required direction, driving the brush as- | 
sembly of transformer T3. Transformer T3 
then delivers a voltage of proper magnitude and 
phase through the operating coil of circuit 
breaker K1 to the primary of buck-boost trans-_ 
former T4 to correct the deviation in the output | 
voltage. The output voltage of the regulator is! 
indicated on voltmeter M1. 

c. Limit switches S1 and S2 open the ac cir- 
cuit to the motor at the end of rotation to pre | 
vent damage to the powerstat assembly. Resistor } 
R1 and capacitor C9 form a phase-splitting net-" 
work for motor Bl. Fuses F2, F3, and F5 pro- | 
tect motor B1 against efovlouia Fuse F1 is a) 
meter protection fuse. 


1230V AC INPUT —— 


1230V AC INPUT 
230V AC OUTPUT 

c9 
4.2 UF 
330V AC 


PART OF 


192. Control Circuit 
(fig. 144) 

_ The control circuit samples the regulated out- 
| put at all times, and if the voltage departs from 
the normal preset value, it will energize the 
|motor in the power circuit and restore the out- 
| put voltage to the preset value. 
| «a. Transformer T5, across the output of the 
voltage regulator (fig. 143), supplies 115 volts 
|} ac through terminal board TB8 and fuse F4 to 
operate the control circuit. Indicator lamp I 1 
is across the 115-volt circuit and lights when 
power is applied to the control circuit. 

b. The 115 volts ac is connected through recep- 
tacle J1 and plug P1 to the primary of trans- 
former T1. The center-tapped secondary of T1 


PART OF 


TBI 
REGULATED 
> 230V AC OUTPUT 
O NO CONNECTION 
TO VOLTAGE REGULATOR 
2 CONTROL CIRCUITS 
8 
Ri2 
100 
6 
7 
5 
F5 
| AMP TM215-195 


Figure 143. Power circuit, schematic diagram. 


forms the ratio arms of a balanced bridge cir- 
cuit. Voltage-sensitive resistor assembly R2 and 
output voltage control R12 are used in conjunc- 
tion with the secondary of transformer T1 to 
complete the bridge circuit. Resistors R6 and 
R7 are stabilizers and are a part of the bridge 
circuit. The bridge output is obtained from the 
movable arm on output, voltage control R12 and 
the center tap of T1 secondary. 

c. When the output of the voltage regulator 
rises above the normal preset value, an unbalance 
of the bridge occurs, developing a voltage to 
energize coupling transformer T2. This condi- 
tion causes a positive signal to be fed through 
protective resistor R38 to the grid of thyratron 
V1, causing it to conduct. Relay RL1, in the 
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plate circuit of V1, is energized, and closes con- 
tact which supply power through terminal boards 
TB2 and TB3 to the proper winding of motor 
Bl. Motor B1 rotates the variable power trans- 
former brush to reduce the output voltage to 
the preset value. 

d. When the output of the voltage regulator 
drops below the preset value, a similar sequence 
of events occurs, except that the positive signal 
is supplied through protective resistor R4 to the 
grid of thyratron V2, causing relay RL2 to op- 
erate and energize the motor in the opposite 
direction to correct the output voltage. 

e. A positive bias is supplied to the cathodes 
of thyratrons V1 and V2. This bias is developed 
| by CR1 and CR2 connected as a full-wave recti- 
fier across the secondary of transformer T1. 
The output of the rectifiers is filtered by resistor 
R5 and capacitor Cl. Sensitivity control R18, 
in series with a portion of resistor assembly R2, 
forms a bleeder across the bias supply. Sensi- 


tivity of the unit is determined by the bias ap- 
plied to the cathodes of the thyratrons. 

f. The output of thyratron V1 is connected 
through current-limiting resistor R10 to the par- 
allel combination of the coil of relay RL1 and 
resistor R8. Plate voltage of 115 volts ac is ob- 
tained through resistor R8 from autotransformer 
TS. Inductors Li, L3, and L4 and capacitors C2, 
C4A, C5, and C7 prevent noise or RF radiation 
interference. 

g. The output of thyratron V2 is connected 
through current-limiting resistor R11 to the par- 
allel combination of the coil of relay RL2 and 
resistor R9. Plate voltage of 115 volts ac is ob- 
tained through resistor R9 from autotransformer 
T5. Inductors L2 and Ld and capacitors C3, 
C4B, C6, and C8 prevent noise or RF radiation 
interference. 

h. The filaments of thyratrons V1 and V2 are 
connected in series and receive operating voltage 
from transformer T1. 


Section XXIII. INTERUNIT THEORY OF AC POWER DISTRIBUTION CIRCUITS 


193. General 


The interunit theory of ac power distribution 
circuits in Radio Transmitting Set AN/FRN- 
22A is divided into four main groups and dis- 
cussed in paragraphs 194 through 197. For com- 
plete circuit details, refer to the overall schematic 
| diagram (fig. 148). 


194, Powerline and Autotransformer 
Connections 
(figs. 145-148) 

Note. A number and a letter in parentheses following 
a reference number means that the part can be located 
on figure 148. For example (2,L) indicates that the part 
is at the intersection of 2 and L on figure 148. 

The omnirange set requires 230 volts ac, 50- or 
60-cycle, single-phase power. This power may 
be brought to the site as balanced 230 volts ac, 
with a neutral wire; balanced 230 volts ac, with- 
out a neutral wire; or as a single-ended, 230-volt 
ac line. Each type of power service requires a 
specific connection arrangement at the omnirange 
set to prevent circulating currents. Where line 
voltages differ consistently from 230 volts, alter- 
nate connections to autotransformer N/T1001 
(1,L) are required. 

a. When a balanced 230-volt ac input with neu- 
tral wire type of service is used (fig. 148), the 


line is brought into main breaker box N/S1001 
(2,F) and connected directly to circuit breakers 
N/K1001 and N/K1015. The neutral wire is con- 
nected to the neutral bus bar in main breaker box 
N/S1001 and to the earth ground rod located in 
breaker box N/S1002 (2,L). The earth ground 
is also connected to the equipment shelter. Cir- 
cuit breaker N/K1015 (2,F) feeds all the tem- 
perature-controlling heaters and blowers and is 
discussed in paragraph 196. Circuit breaker 
N/K1001 (2,G) feeds 230-volt ac power terminal 
board K/TB1 (terminals 1 and 2) to circuit 
breaker K/K1 (3,G) in Voltage Regulator CN- 
358/FRN-22. Output of the voltage regulator 
is taken from terminal board K/TB1 (terminals 
1 and 4) and connects directly to the 230-volt 
taps of autotransformer N/T1001. The center 
tap and output from the autotransformer connect 
to load circuit breaker box N/S1002. 

b. The connections for a balanced 230-volt ac 
input without a neutral wire are identical with 
the service that has a neutral wire, except that 
there is no connection to the neutral bus in circuit 
breaker box N/S1001 (fig. 158). The load neu- 
tral, center tap of autotransformer N/T1001, is 
connected to the shelter and earth ground of cir- 
cuit breaker box N/S1002. This type of connec- 
tion may also be used where local electrical codes 
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require an open neutral wire and a grounded load 
neutral. 

c. For single-ended 230-volt ac input service, 
an isolation transformer must be used (fig. 146). 
Connections to autotransformer N/T1001 are 
identical with those required for a balanced 230- 
volt line without a neutral wire as the isolation 
transformer converts the single-ended line to the 
balanced form. 

d. Balanced line inputs which are consistently 
below or above the normal 230-volt level will re- 
quire repositioning of the leads on autotrans- 
former N/T1001. Repositioning is required be- 
cause the voltage regulator applies regulation 
between only one leg of the 230-volt line and 
jground. Adjustment is necessary to provide 
equal 115-volt ac lines at circuit breaker box 
N/S1002 for distribution. Figure 147 shows a 
sample connection used with consistently low line 
voltages. 


195. Primary Power Distribution Circuits 
(fig. 148, contained in separate envelope) 


Power for equipment operation is brought into 
load circuit breaker box N/S1002 (1,K) from 
autotransformer N/T1001 (1,L). Circuit breaker 
box N/S1002 serves as the main power distribu- 
tion box for the omnirange set. The 115-volt ac 
potentials are measured from a specific circuit 
breaker to the load neutral (center tap of auto- 
transformer N/T1001). 

a. Antenna heaters D/HR1 through D/HR4 
(2,J) receive 115 volts ac from direct connections 
to circuit breaker N/K1002 (1,J). 

6. Circuit breaker N/K1003 (1,G) supplies 115 
volts ac through terminal board TB805 (termi- 
nals 8 and 4) and the ac wiring channel of the 
CY-1897/FRN-22 to receptacles J804 and J805 
(8,G). Cable W11 (terminated by P825 and 
| P826) carries power from receptacle J805 through 
receptacle J403, on the RE-247/FRN-22, to con- 
tacts 2L and 2R of relays O 401 and O 403 (8,D). 

(1) Relay O 401, energized when No. 9 1s 
dialed to warm up No. 1 equipment, ap- 
plies power through connectors J402 and 
P813 (pins 3 and 4) to plug P814 (6,F), 
plug P815 (6,G), and terminals 3 and 4 
of terminal board TB801 (3,D). Plug 
P814 supplies power to the O-373/FRN 
No. 1 (7,F), and plug P815 energizes 
keyer No. 1 (7,G). Power at 115 volts 
ac is applied to terminals 38 and 4 of 


terminal board TB1801 (10,C), from 
TB801 (terminals 3 and 4), for the fol- 
lowing No. 1 equipment through connec- 
tors P1805 and B/J4 to the modulation 
eliminator (11,C); through terminal 
board TB1 (terminals 24 and 25) to PP- 
1331 (8,C); and through connectors 
P1808 and J1401 (pins U and V) to the 
PP-1329/FRN-20 (6,B). Terminal 4 of 
TB801 (8,D) also supplies power through 
TB802 (terminal 9) and pin 9 of con- 
nectors P808 and J401 (7,E) to TEST- 
OPERATE switch $401 of the RE-247/ 
FRN-22. When switch S401 is in the 
OPERATE position, power is supplied 
through connectors J401 and P808 (pin 
7) back through TB802 (terminal 10) 
to terminal board N/TB1001 in the an- 
tenna relay assembly (1,4). Neutral re- 
turn for the antenna changeover relays 
is through N/TB1001 (terminal 2) to 
TB801 (terminal 3). 


(a) The PP-1331/FRN-20 (8,B) power 


input at terminal board TB1 (termi- 
nals 24 and 25) is routed through 
fuses F1 and F2 to switch S2. When 
switch $2 is closed, 115 volts ac is ap- 
plied to transformers T2 and T4, and 
the heater of 30-second time delay re- 
lay S38. Power is also fed from the 
PP-1331/FRN-20 through terminal 
board TB1 (terminals 13 and 15) to 
connectors P1806 and A/J1 (pins 18 
and 15) at the transmitter (9,B). The 
load neutral, through interlock switch 
A/S3, is brought out of receptacle 
A/J1 (pin 14) to the interlock circuits 
(par. 197). Power at 115 volts ac, 
from terminal 13 of terminal board 
TB1 (8,B), is also fed to plug P1808 
(pin M) of the PP-1329/FRN-20 
(6,B) by the PP-1332/FRN-20. 


(5) The power supplied to pin M of recep- 


tacle J1401 (6,B) provides ready 
power to the coil of plate relay K1402 
in the PP-1329/FRN-20 (5,B). Re- 
lay K1402 will close when 30-second 
time delay relay S1401 (4,A) is closed 
and all interlock conditions are satis- 
fied. The power which was supplied 
to pins V and U of receptacle J1401 
(6,B) from energized relay O 401 
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(7,D) will energize main relay K1401 
(4,B) and close contacts 1R/2R and 
1L/2L. 

(c) Circuit breaker.N/K1011 (1,B) sup- 
plies 230 volts ac through terminals 1 
and 3 of terminal board TB1803 (3,B), 
connectors P1808 and J1401 (pins G 
and S), fuses F1401 and F1402, and 
the closed contacts of relay K1401. 
Power is applied through fuses F1408 
and F1409 to contacts 1R and 1L of 
plate relay K1402. Power at 230 volts 
ac from contacts 2R and 2L of relay 
K1401 (4,B) is applied through fuses 
F1403 and F1404 (4,A) to the center- 
tapped primary of transformer T1401. 
The heater of 30-second time delay re- 
lay S1401 is energized by 115 volts ac 
from one-half of the primary of trans- 
former T1401. Power at 230 volts ac 
is supplied to transformer T901 of the 
O-871/FRN-20 (14,D) through fuses 
F901 and F902, connectors J902 and 
P/P1908 (pins 3 and 4), terminals 1 
and 2 of terminal board P/TB1905 
(15,B), and terminals 9 and 10 of ter- 
minal board TB1802 (12,A) by the 
output from pins D and O of recep- 
tacle J1401 (6,A) in the PP-1329/ 
FRN-20. The 230-volt ac output 
through fuses F1405 and F1406 (5,A), 
connectors J1401 and P1808 (pins R 
and L), is applied to transformer 
G/T5 (14,E) in the AM-1246/FRN- 
20 through terminals 6 and 7 of termi- 
nal board TB1802 (12,A), terminals 5 
and 7 of terminal board P/TB1905 
(15,B), and pins 10 and 13 of connec- 
tors P/P1909 and G/J4 (15,F). The 
power for transformer G/T4 (14,F) is 
supplied, through fuses F1405 and 
F1407 (5,A) in the PP-1329/FRN-20, 
through pins F and R of receptacle 
J1401 (6,A), terminals 7 and 8 of 
terminal board TB1802 (12,A), and 
terminals 6 and 7 of terminal board 
P/TB1905 (15,B) to pins 11 and 13 
of connectors P/P1909 and G/J4 
(15,F) of the AM-1246/FRN-20. 

(2) Power of 115 volts ac is supplied 

through circuit breaker N/K1003 (1,G), 

to contacts 2R and 2L of relay O 403 


(a) The PP-1331/FRN-20 (8,J) power 


(6) The power supplied to pin M of 


(c) Circuit breaker N/K1012 (1,K) sup- 


(8,D) and fed to pins 7 and 8 of recep: 
tacle J402 (9 ,D) of the RE-247/F RN-22 
when No. 7 is dialed to warm up equip- 
ment No. 2. The power through plug 
P813 (pins 7 and 8) is routed to plug 
P816 for the O-373/FRN (11,H), plug 
P817 for the keyer (9,H), and to termi- 
nal board TB803 (terminals 3 and 4). 
Terminals 8 and 4 of terminal board 
TB1801 (10,J) receive the 115 volts ac 
from terminal board TB803 and supplies _ 
the modulation eliminator No. 2 (11,J) 
through connectors P1805 and B/J4 — 
Power from terminal board TB1801 is 

also routed to terminals 24 and 25 of 
terminal board TB1 (8,K) of the PP=_ 
1331/FRN-20 and through connectors 

P1808 and J1401 (pins U and V) of the 
PP-1329/FRN-20 (6,K). 


t 


input at terminal board TB1 (termi- 
nals 24 and 25) is routed through fuses 
F1 and F2 to switch S2. When switch 
S2 is closed, 115 volts ac is applied to 
transformers T2 and T4 and the heater 
of 30-second time delay relay $3. 
Power is also fed out of the PP-1331/ 
FRN-20 through terminal board TBI 
(terminals 13 and 15) to connectors 
P1806 and A/J1 (pins 13 and 15) at 
the transmitter (9,K). The load neu- 
tral, through interlock switch A/S3, 
is brought out of receptacle A/J1 (pin _ 
14) to the interlock circuits (par. 
197). Power at 115 volts ac, from ter- 
minal 13 of terminal board TB1 (8,K),__ 
is also fed to plug P1808 (pin M) of — 
the PP-1329/FRN-20 (6,K) by the 

PP-1331/FRN-20. 


ceptacle J1401 (6,K) provides ready 
power to the coil of plate relay K1402 
in the PP-1329/FRN-20 (5,K). Re- 
lay K1402 will close when 30-second 
time delay relay S1401 (4,L) is closed 
and all interlock conditions are satis- 
fied. Energized power, which was 
supplied to pins U and V of receptacle 
J1401 (6,K) from relay O 403 (8,D) 
will energize main relay K1401 (4,K) 
and close contacts 1R/2R and 1L/2L. 


plies 230 volts ac through terminals 1 
and 3 of terminal board TB1803 (3,K), 
connectors P1808 and J1401 (pins G 
and §), fuses F1401 and F1402, and 
the closed contacts of relay K1401. 
Fuses F1408 and F1409 apply power 
to contacts 1R and 1L of plate relay 
K1402. Power at 230 volts ac through 
contacts 2R and 2L of relay K1401 
(4,K) is applied through fuses F1403 
and F1404 to the center-tapped pri- 
mary of transformer T1401. The 
heater of 30-second time delay relay 
$1401 is energized by 115 volts ac from 
one-half of the primary of trans- 
former T1401. Power at 230 volts ac 
is supplied to transformer T901 of the 
O-371/FRN-20 (14,J) through fuses 
F901 and F902, connectors J902 and 
P/P1912 (pins 3 and 4), terminals 1 
and 2 of terminal board P/TB1906 
(15,K), and terminals 9 and 10 of ter- 
minal board TB1802 (12,L) by the 
output from pins D and O of recep- 
tacle J1401 (6,L) in the PP-1329/ 
FRN-20. The 2380-volt ac output 
through fuses F1405 and F1406 (5,L), 
connectors J1401 and P1808 (pins R 
and L), is applied to transformer G/T5 
(14,H) in the AM-1246/FRN-20 
through terminals 6 and 7 of terminal 
board TB1802 (12,L), terminals 5 and 
7 of terminal board P/TB1906 (15,K), 
and connectors P/P1913 and C/J4 
(pins 10 and 13). The power for 
transformer G/T4 (14,H) is supplied 
through fuses F1405 and F1407 (5,L) 
in the PP-1329/FRN-20, pins F and 
R of receptacle J1401 (6,L), terminals 
7 and 8 of terminal board TB1802 
(12,L), and terminals 6 and 7 of ter- 
minal board P/TB1906 (15,K) to pins 
11 and 13 of connectors P/P1913 and 
C/J4 of the AM-1246/FRN-20. 


(3) Power supplied through circuit breaker 


N/K1003 (1,G) to receptacle J404 (8,E) 
through cable W9 is applied to contacts 
2L and 2R of relays O 402 and O 404 
(9,E). When No. 8 is dialed for equip- 
ment No. 1 operation, relay O 402 is 
energized. The 115 volts ac power is 
supplied through connectors J402 and 


P813 (pins 1 and 2), terminals 1 and 2 
of terminal board TB801 (12,E), termi- 
nal board P/TB1905 (terminals 3 and 
4), and connectors P/P1908 and J902 
(pins 8 and 9) to contacts 3L/2L and 
3R/2R of motor control relay K901 and 
the heater of 60-second time delay relay 
K902 (18,D). After the 60-second time 
delay, the 115 volts ac is applied to the 
coil of relay K901. Time delay relay K902 
and relay K901 start goniometer motor 
C/B1 (10,B) on the normal powerline and 
then switch the motor to the output of 
the AM-1246/FRN-20 (14,D). The out- 
put apphed through contacts 2L, and 2R 
of relay K901 is fed through connectors 
J902 and P/P1908 (pins 10 and 11), 
terminals 1 and 2 of terminal board 
P/TB1903 (15,B), and terminals 1 and 
2 of terminal board TB1801 (12,B) to 
plug P1803 at the goniometer (11,B). 
The 115-volt ac output applied through 
relay K901 in the O-871/FRN-20 
(14,D) is fed to meters M1902 and 
M1903 (14,G) through terminal board 
TB1901 (terminals 2 and 4) and switch 
$1902 in the meter panel. 

Power is received at pins 5 and 6 of 
connectors J402 and P813 (10,E) when 
relay O 404 is energized by dialing 6 for 
No. 2 equipment operation. This power 
is routed through terminals 1 and 2 of 
terminal board TB803 (12,E), terminal 
board P/TB1906 (terminals 3 and 4), 
and connectors P/P1912 and J902 (pins 
8 and 9) to relay K901 and the heater 
of 60-second time delay relay K902 
(13,J). Relay K901 is energized by 
time delay relay K902. The contacts of 
relay K901 apply 115-volt ac power to 
pins 10 and 11 of receptacle J902 
(14,K). Power from receptacle J902 
(pins 10 and 11) is applied through ter- 
minals 1 and 2 of terminal board 
P/TB1904 (15,K), terminals 1 and 2 
of terminal board TB1801 (12,L.), and 
plug P1803 to the goniometer (11,K). 
Meters M1902 and M1903 (14,G) moni- 
tor the output of relay K901 (14,J) 
through switch $1902, terminal board 
TB1901 (terminals 3 and 5), and con- 
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nections to pins 10 and 11 of plug 
P/P1912 (15,J). 

(5) Receptacle J405 (9,E) supplies power 
through cable W10 to operate the AN/ 
FRA-14. Protection for this circuit is 
by fuse F401 (9,E) in the RE-247/ 
FRN-22. 

c. Circuit breaker N/K1004 (1,G) furnishes 
115-volt ac power to the permanently on equip- 
ment through terminals 4 and 5 of terminal 
board TB805 (3,G) to the following receptacles 
and equipment: J803 (6,H) for the monitor 
through cable W8; J806 (9,G), not used; J807 
for the PP-1415/FRN-22 (9,F) through cable 
W12; J802 (10,G), through cable W6 to the 
C-1840/FRN-22; J801 and J808, which are not 
used. 

d. The 115 volts ac is supplied through circuit 
breaker N/K1005 (1,D) to shelter lghts 
N/E1001 and N/E1002. 

e. The 115 volts ac is supplied through circuit 
breaker N/K1105 (1,K) on the antenna pedestal, 
and to the obstruction light (2,H). 

f. The 115 volts ac is supplied through circuit 
breaker N/K1007 (1,K) for convenience outlets 
J/J1001 and N/J1002 (2,L) on the antenna 
pedestal directly below load circuit breaker box 
N/S1002. 

g. The remote control unit and the AM-1247/ 
FRN-20, in the CY-1826/FRN-20, receive their 
ac power through cable W22, which may be con- 
nected to any 115-volt ac, 50- or 60-cycle, single- 
phase outlet. 


196. Heating and Ventilating Circuits 
(fig. 149) 

All heaters and ventilators, except the antenna 
heaters, operate on 230 volts ac supplied through 
circuit breaker N/K1015. 

a. The cable from the shelter blower connects 
directly to circuit breaker N/KX1015. 

6. The wiring for heaters and blowers of the 
two CY-1899/FRN-22’s connects from circuit 
breaker N/K1015 to terminal board TB1803 
(terminals 4 and 5). Connection from terminal 
4 of TB1803 is through cabinet interlock $1802 
to one side of blower motor receptacle J1804 and 
to terminal 1 of terminal board TB1804. Con- 
nection from terminal 5 of TB 1803 is through 
cabinet interlock $1803 to the common connec- 
tion of thermostats 51804 and $1805 through 
thermostat $1804 to the other side of blower 
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motor receptacle J1804, and through thermostat 
S1805 to terminal 2 of terminal pha TB1804, 
Cabinet heaters HR1801 through HR1804 are | 
connected across terminals 1 and 2 of terminal | 
board TB1804. | 

c. Connections for the CY-1897/FRN-22 heat- 
ers and blower are made directly from circuit | 
breaker N/K1015 to terminal board TB805 (ter- | 
minals 1 and 2). The circuit within the cabinet 
is from terminal 1 of TB805 through cabinet | 
interlock S801 to the common connection of | 
thermostats S803 and S804, through thermostat | 
S803 to one side of blower motor receptacle J809, 
and through thermostat S804 to terminal 2 of | 
terminal board TB806. Connection is made from_ iy 
terminal 2 of terminal board TB805 through 
cabinet interlock S802 to the other side of blower | 
motor receptacle J809 and to terminal 1 of ter- 
minal board TB806. Cabinet heaters HR801 | 
through HR804 are connected across terminals i 
1 and 2 of terminal board TB806. 1 

d. The heaters and blower in the CY-2274/ | 
FRN-22A receive 230 volts ac through cir- 
cuit breaker N/K1015 through terminal board | 
P/TB1909 (terminals 1 and 3). Within the | 
CY-2274/FRN-22A, ac power is supplied from 
terminal 1 of P/TB1909 through cabinet inter- 
lock P/S1905 to the common cOnmianee of ther- 
mostats P/S1907 and P/S1908 and through 
thermostat P/S1908 to terminal board P/TB1902 
(terminal 1), and through thermostat P/S1907 
to terminal 1 of terminal board P/TB1908. 
From terminal 3 of terminal board P/TB1909 
connection is made through cabinet interlock 
P/S1906 to terminal 2 of terminal boards 
P/TB1902 and P/TB1908. Cabinet heaters 
P/HR1901 through P/HR1904 connect across 1 
terminals 1 and 2 of terminal board P/TB1902,_ I 
Receptacle P/J1901 for the blower motor con- : 
nects across terminals 1 and 2 of terminal board i 
P/TB1908. | 
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197. Interlock and Protective Circuits 
(fig. 150, contained in separate envelope) ! 

Two 115-volt ac interlock circuits are provided | i 
for each transmitting equipment. Portions of — 
the two interlock circuits in each equipment 1 
overlap. The interlock circuits for equipment i 
No. 2 are identical with the circuits for equip- | 
ment No. 1 (a-c below), except for the terminal — 
numbers of the terminal board used in the CY= | 
2274/FRN-22A. 
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Heating and ventilating circuits, schematic diagram. 
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a. The two interlock circuits originate at the 
PP-1331/FRN-20. The 115 volts ac from the 
RE-247/FRN-22 is fed through the PP-1331/ 
FRN-20 to terminals 13 and 15 of terminal 
board TB1 (fig. 148). The 115-volt interlock 
circuit is connected from terminal 15 of TB1 
through receptacle A/J1 (pin 15), panel inter- 
lock A/S38, and back through receptacle A/J1 
(pin 14) to terminal board TB1 (terminal 14). 
Terminal 14 of TB1 is connected through panel 
interlock S1 and out of power supply at terminal 
28 at TB1. The interlock circuit from terminal 
28 connects through cabinet door interlock $1801 
of the CY-1899/FRN-22 to terminal board TB1 
(terminal 29) and to terminal board TB1802 
(terminal 12). Terminal 29 of TB1 feeds the 
primaries of plate transformers T1 and T3 in the 
PP-1331/FRN-20. This completes one interlock 
circuit. 

6. The 115-volt circuit from terminal 12 of 
terminal board TB1802 is through the inter- 
cabinet wiring to terminal board P/TB1907 
(terminal 3 for equipment No. 1; terminal 5 for 
equipment No. 2) in the CY-2274/FRN-22A. 
The interlock circuit from P/TB1907 is through 
receptacle G/J4 (pin 12), panel interlock G/S1, 
and the contacts of overload relay G/S2 to re- 
ceptacle G/J4 (pin 9). The 115 volts ac is 


Section XXIV. INTERUNIT THEORY OF CONTROL CIRCUITS 


198. General 


The control circuits of Radio Transmitting 
Set AN/FRN-22A comprise the following com- 
ponents: Power Supplies PP-1415/FRN-22 and 
PP-1331/FRN-20, Modulation Eliminator MX- 
1843/FRN-20, Radio Set Controls C-1739/ 
FRN-20 and C-1788/FRN-20, Radio Set Trans- 
fer Control C-1840/FRN-22, Relay Assemblies 
RE-247/FRN-22 and RE-248/FRN-22, and 
Course Monitor MX-1837/FRN-20. The control 
circuits energize or shut down either equipment 
from the local or remote location by dial system. 
The control system also interrupts the identifica- 
tion tone during voice communications, performs 
automatic or manual transfer sequences, and pre- 
vents energizing both equipments at the same 
time. Control circuits and dial functions are 
discussed in paragraphs 199 through 202. For 
complete circuit details, refer to the overall 
schematic diagram (fig. 155). 
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applied through receptacle G/J4 through all 
door interlock P/S1903 for equipment No. 1, or | 
P/S1904 for equipment No. 2, terminal board 
P/TB1907 (terminal 4 for equipment No. 1 or 
terminal 6 for equipment No. 2), and inter- | 
cabinet wiring to terminal board TB1802 (ter- | 
minal 11). The interlock circuit from terminal | 
board TB1802 is connected through receptacle | 
J1401 (pin N) and panel interlock $1402 to the | 
contacts of thermal time delay relay S1401 in} 
the PP-1329/FRN-20. After the contacts of. 
relay 51401 close, the interlock voltage is fed to| 
the coil of plate relay K1402, which energizes 
the +1,350-volt supply. The interlock circuit, 
from relay K1402 connects through receptacle, 
J1402 (pin M) to terminal board TB1 (terminal | 
13), which is the other side of the line. This. 
completes the second interlock circuit. z | 

c. Interlocks A/S38, S1, and $1801 will turn 
off the plate voltage to the transmitting circuits. 
and the plate voltage to the regulating supply) 
circuits. Interlocks A/S38, Si, S1801, G/S1,\ 
P/S1903 or P/S1904, and S1402 plus overload. 
relay G/S2 and thermal time delay relay S1401 
open the circuit to plate relay K1402, which in: 
turn will turn off the plate voltage in the regu-' 
lating supply circuits only. 


199. Negative 12-Volt Control Power 7 
(fig. 155, contained in separate envelope) 

A negative 12 volts de is supplied by the PP= 
1415/FRN-22 and is available to the control 
system at all times. The negative 12-volt de! 
circuit is divided into two branches: one ig} 
energized at all times, and the other is energized: 
when the stock relay is deenergized. Wy 
a. The negative 12-volt de branch, which is j 
energized continuously, is taken from pin 31 of 
receptacle J205 (4, A) with respect to the chassis. 
(pin 33) in the C-1738/FRN-20. This voltage : 
is applied to contact 2R of relay O 201 (4, B) 
contact 3 of dial I 201 (5, C), and to pin 28 oO} 
receptacle J204 (8, C) in the C-1738/FRN-20) 
Intercabinet wiring applies the —12 volts di) 
through pin 22 af connectors P805 and J30)) 
(8, A) to modulation eliminator test switch S301 
through pin 1 of connectors P808 and 740: 
(9, B) to No. 2 equipment TEST switch i 
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and through pin 16 of plug P801 to receptacle 
J602 (14, B) on the transfer unit. Within the 
C-1840/FRN-22, the de voltage is applied to 
contact 5R of relay K601 (15, C), contact 2R 
of relay K602 (16, D), terminal 7 of time delay 
relay K606 (16, D), contact 5L of relay K603 
(17, C), and contact 2R of relay K604 (18, C). 
All the —12-volt points referred to will be at 
—12 volts de, with respect to ground, when cir- 
cuit breaker N/KX1004 is closed. 

b. Negative 12-volt de distribution, controlled 

by contacts 1R and 2R of stop relay O 203 
| (6, A), is also obtained from pin 31 of recep- 
tacle J205 (4, A) in the C-1738/FRN-20. From 
| contact 2R of relay O 203, the —12 volts is ap- 
plied to contact 2R of relay O 204 (7, B), pin 
19 of receptacle J205 (8, B), and through limit- 
ing resistor R205 (7, C). Pin 19 of plug P803 
(8, B) is connected to pin 19 of connectors P805 
and J301, which apply power to contact 2R of 
relay O 301 (9, A). Because of the connection 
through stop relay O 203 (6, A), all equipments 
are deenergized when contacts 1R and 2R are 
opened by energizing stop relay O 203. 


200. Positive 12-Volt Control Power 
(fig. 155, contained in separate envelope) 


A positive 12 volts de is supplied from dry- 
| disk rectifier D1 in the PP-1331/FRN-20 of the 
equipment selected. Power (+12 volts) for car- 
rier control relay S5 is taken from the same 
| supply and will energize whenever the control 
| circuits, the transmitter test key, or the micro- 
| phone push-to-talk switch supplies a ground re- 
| turn to relay S5. 

a. The source of +12 volts dc in the control 
circuits is determined by the equipment selected 
| for operation and service selector relay O 303 
| (10, E). Voltage from the No. 1 PP-1331/ 
FRN-20 is fed to contact 9L of relay O 303, and 
No. 2 PP-1331/FRN-20 feeds contact 7L. Con- 
tact 8L of relay O 303 is the common +12-volt 
de output fed through pin 6 of connectors J301, 
P805, P803, and J205 (8, E) to the coil of tone- 
voice relay O 208 (6, E) and through limiting 
| resistor R204 to contact 1R of alarm trigger 
relay O 206 (7, E). 

b. The coil of equipment No. 1 carrier control 
relay S5 (13, E) has a ground return path 
through terminal 22 of terminal board TB1 
(12, E), terminal board TB1801 (terminal 6), 
terminal board TB802 (terminal 4), to pin 5 of 


plug P806 (11, E). In addition, a ground may 
be applied to terminal 22 of terminal board TB1 
(12, E) by the TEST switch located on the 
front panel of the transmitter. Pin 5 of con- 
nectors P806 and J304 (10, E) is grounded by 
contacts 4R and 5R of equipment No. 1 omni- 
range relay O 205 (7, D), through pin 4 of 
connectors J301, P805, P803, and J205 (8, C), 
or through contacts 5L and 6L of relay O 303 
(10, D), which is energized when equipment 
No. 1 is in warmup status. 

c. Equipment No. 2 carrier control relay S5 
(15, E) receives a ground return through ter- 
minal 22 of terminal board TB1 (14, C), ter-. 
minal board TB1801 (terminal 6), terminal 
board TB804 (terminal 4), and pin 5 of con- 
nectors P807 and J303 (10, D). An additional 
ground source may be applied to terminal 22 of 
terminal board TB1 (14, C) by the TEST switch 
located on the front panel of the No. 2 transmit- 
ter. The ground to pin 5 of receptacle J303 
(10, D) is suppled through contacts 2R and 8R 
of No. 2 omnirange relay O 302 (9, D), or 
through contacts 4L and 5L of service selector 
relay O 303 (10, D), which is deenergized during 
No. 2 equipment operation. 


201. Alarm and Push-to-Talk Circuits 
(fig. 155, contained in separate envelope) 


The alarm and push-to-talk circuits of the re- 
mote control unit are carried over a simplex 
telephone line system from the remote to the 
local equipment location. The control circuits 
permit the technician at the local cite to com- 
mand the omnirange set, maintain telephone con- 
tact with the remote operator, and place either 
omnirange set into normal or test operation. 
The local site does not have facilities for voice 
modulation of either transmitter, and during 
test operation, No. 1 equipment does not receive 
the tone identification signal. The remote op- 
erator has provisions that indicate the overall 
operation of the omnirange set, a microphone 
for voice communication, and a handset for 
telephone contact with the local site. The dis- 
cussion in a through 7 below applies to the con- 
trol circuits which command specific relay and 
switch functions only. 

a. The coil of alarm trigger relay O 206 (7, E) 
receives a ground through pin 8 of connectors 
J205 and P8083 (8, E), pin 2 of connectors P802 
and F/J2 (11, E), and contacts 3R and 4R of 
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integrated alarm relay F/RY4. Relay F/RY4, 
in the monitor, is energized when the omnirange 
set course information is within the preset toler- 
ances. Negative 12-volt de power to energize 
relay O 206 is supplied either by No. 1 equip- 
ment omnirange relay O 205 (7, D) or No. 2 
equipment omnirange relay O 302 (9, D) as 
determined by the equipment selected for opera- 
tion. Holding voltage for omnirange relay O 205 
is supplied through the contacts of stop relay 
O 203 (6, A), contacts 2R and 3R of warmup 
relay O 204 (7, B), contacts 6R and 7R of omni- 
range relay O 205 (7, C), and contacts 6R and 
7R of alarm trigger relay O 206 (7, E) during 
equipment No. 1 operation. Holding voltage for 
omnirange relay O 302 is supplied through the 
contacts of stop relay O 203 (6, A), contacts 2R 
and 8R of warmup relay O 301 (9, A), contacts 
8R and 9R of omnirange relay O 302 (9, D), 
and contacts 4R and 5R of alarm trigger relay 
O 206 (7, E) during equipment No. 2 operation. 
If relays O 204 and O 205 or O 301 and O 302 
fail to sequence properly or the monitor indicates 
incorrect omnirange set signals, relay O 206 will 
deenergize and remove the holding voltage from 
the appropriate omnirange relay to shut down 
the equipment in operation. 

6. To maintain operational segregation in the 
simplex telephone line circuit, a polarity re- 
versing alarm system is used. Alarm trigger 
relay O 206 supplies a postive de voltage through 
contacts IR and 2R (7, E) when deenergized 
and negative de voltage through contacts 2R and 
3R when energized. Therefore, either positive 
or negative voltage, dependent on equipment 
status, is applied through the coil of relay O 207 
(5, E), contacts 10 and 11 of RING-TALK 
switch $201 (4, E) to the center-tapped primary 
of transformer T201 (4, D). The voltage is 
then fed through both sides of the simplex tele- 
phone line to the secondary of transformer T501 
(8, D). The center tap of transformer T201 
feeds the voltage through contacts 2C and 3C 
of push-to-talk relay O 501 (3, C) to the junc- 
tion of rectifiers CR501 and CR502 (2, C). With 
the lever of ALARM SELECTOR switch S501 
(1, C) in the center position, the rectifiers are 
paralleled by contacts 5 and 6 of switch S501 
and will allow either the positive or negative 
voltage to be applied through contacts 8 and 9 
of switch S501 to the coil of relay O 502 (2, C). 
The opposite coil connection of relay O 509 is 
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to ground. Therefore, whenever current flows | 
through one or both rectifiers CR501 and CR502, 
relays O 502 (2, C) and O 207 (5, E) will be | 
energized. | 

C "The operational status of the omnirange set | 
on the remote control unit is determined by the | 
ALARM SELECTOR switch $501 (1, C) posi- | 
tion and by observing TRANSMITTER ON in- | 
dicator I 503, VOR ON indicator I 504, and | 
buzzer I 502 (2, B). If neither transmitter | 
equipment is energized, no de voltage will be} 
applied to rectifiers CR501 and CR502 (2, ©), | 
and relay O 502 will be deenergized. 3 


switch S501 (1, C) in either the center or up) 
ees will cause buzzer I 502 B) to ba 


‘iia 11 of switch S501. Baza I 502 receives } 
6.3 volts ac through contacts 2R and 8R of ous | 
to-talk relay O 501 (3, C) from the secondary | 
of transformer T502 (1, D). However, by set= | 
ting switch S501 in the down position, the 

ground to buzzer I 502 is broken. Indicatom 


C). With switch $501 (1, C) in the down posi | 


tion, rectifier CR502 will conduct and energize | 
relays O 502 (2, C) and O 207 (5, E). Buzal i 
I 502 will sound because of the ground supplied | 
through contacts 1 and 2 of relay O 502 | 
contacts 11 and 12 of switch $501 (1, . : 
TRANSMITTER ON indicator I 503 (2, B 4 
glows because 6.3 volts ac is supplied re 4 
contacts 2 and 3 of switch S501 (1, C) and a 
ground from contacts 1 and 2 of relay O | 
(2, B). Moving switch S501 to the center posi- 
tion will silence buzzer I 502 by opening contacts | 
11 and 12 (1, B); all other conditions remain the | 
same. Setting switch $501 in the up position 
will deenergize relay O 502 (2, C), because the ’ 
current flow through rectifier CR502 now flows. 
to ground through contacts 4+ and 5 of switch 
S501 (1, ©). The buzzer will sound because of | 
the ground supplied by contacts 2 and 3 of relay | 
O 502 and contacts 10 and 11 of switch S50L — 
Indicator I 503 is turned off by contacts 2 and 
3 of switch S501 (1, C) and the lack of a ground i 
from relay O 502. Relay O 207 (5, E) remains: ‘ 


Hy 


| 


| energized because of current flow through recti- 
| fier CR502. 


é. When the omnirange set is energized and 


| operating normally, the voltage at the junction 
) of rectifiers CR501 and CR502 (2, C) is negative. 
| Relays O 502 (2, C) and O 207 (5, E) are ener- 
}gized by current flow through rectifier CR501 
| and contacts 5, 6, 8, and 9 of switch S501 (1, C) 
jwith the switch in the down or center position. 
| Indicator I 503 will glow in these two positions 
| because of closed contacts 2 and 3 of switch $501. 
| With the switch in the down position, buzzer 
|I 502 (2, B) will sound; in the center position, 
|tle buzzer will be silenced by open contacts 11 
jand 12 of switch S501 (1, B). 
jremain energized when switch S501 is in the 
jup position, because the current flow through 
| rectifier CR501 is conducted through contacts 7 


Relay O 502 will 


jand 8 of switch $501 to the coil of relay O 502. 


{Buzzer I 502 will be silent, indicator I 503 will 
}go out, and VOR ON aichide I 504 will glow 
/from power supplied by contacts 1 and 2 of 
jswitch S501. 
)set will either reverse the polarity of the voltage 


Any shutdown of the omnirange 


to rectifier CR501 or remove the voltage entirely 


jand deenergize relay O 502, sounding buzzer 


I 502 and extinguishing indicator I 504. 
f. The push-to-talk switch (3, B) on the 


jmicrophone furnishes a ground return to the 
jcoil of relay O 501 (3, C) through pins 1 and 4 
;of connectors P6 and J502 (3, B). 
|receives 6.3-volt de power from the secondary of 
jtransformer T502 (1, D). 


Relay O 501 


Contacts 2C and 8C 
of push-to-talk relay O 501 interrupt the alarm 


jcircuit current flow, deenergizing relays O 502 


(2, C), O 207 (5, E) 


and energizing tone- 


voice relay O 208 (6, E) with a ground sup- 
|plied by contacts 1R and 2R of relay O 207 
{through RING-TALK switch $201 and LOCAL- 
{REMOTE switch $202. 
jrelay O 208 (6, D) furnish a ground for carrier 
lcontrol relay S5 as determined by service selec- 


Contacts 5L and 6L of 


tor relay O 303 (10, EF). The remaining con- 


jtacts of relay O 208 interrupt the tone identifica- 


tion signal and apply the voice signal to relay 
O 303 for distribution to the operating trans- 
mitter. Contacts 2L and 3L of relay O 501 (8, 


|C) interrupt the simplex line from dial I 501 


(2, D) and feed the audio output of AM-1247/ 
FRN-20 to the input terminals of transformer 
T501 (3, D). Thus, the simplex telephone lines 
are clear of all currents except those produced 


for voice communication. Contacts 2R and 8R 
of push-to-talk relay O 501 (3, C) prevent buzzer 
I 502 (2, B) from sounding during voice com- 
munication by interrupting the 6.3-volt ac sup- 
ply. 

g. Placing RING-TALK switch S201 (4, E) 
in the RING position causes contacts 10 and 11 
of the switch to open and interrupt the alarm 
circuit current flow through relays O 207 (5, E) 
and O 502 (2, C), and buzzer I 502 sounds. 
Tone-voice relay O 208 (6, E) does not energize 
because contacts 7 and 8 of switch S201 are also 
open. Placing switch S201 in the TALK posi- 
tion causes contacts 1, 2, 4, and 5 of the switch 
to close and connect local’ site handset HS2 to 
the simplex line and through normally closed 
contacts 1, 2, 4, and 5 of dial I 501 (2, D) to 
remote site handset HS2. 
local dial I 201 (5, C) to pulsing relay O 202 
(5, D) in the LOCAL position causes contacts 
7 and 8 of the switch to close and prevent voice 
communications from the remote site. Contacts 
4 and 5 of switch S202 open the circuit through 
local dial I 201 (5, C) to pulsing relay O 202 
(6, C) from the remote site. 

2. Switch S401 (12, A) provides a method by 
which transmitting equipment No. 1 may be 
placed in the warmup status from the local site 
without dialing 9. When switch S401 is closed 
(in TEST position), —12 volts de is fed directly 
to the coil of No. 1 warmup relay O 401 (18, A). 
Moving switch S402 (11, A) in the ON position 
energizes equipment No. 1 omnirange relay 
O 402 (12, A) and omnirange set carrier output 
may be obtained by depressing the TEST 
switch on the front panel of the No. 1 trans- 
mitter. Voice and tone identification functions 
will be inoperative during this test because serv- 
ice selector relay O 303 (10, E) is not energized. 
Switches S403 (10, A) and $404 (9, A) perform 
the same functions in the No. 2 equipment, by 
energizing relays O 403 (11, A) and O 404 (10, 
A), and are interlocked with the switches of 
the No. 1 equipment to prevent operation of both 
equipments at the same time. 


202. Dialing Functions 
(figs. 151-155, contained in separate en- 
velope) 
The dialing functions which control the omni- 
range set are divided into groups (a-2 below) 
which perform specific operations. These opera- 
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tions consist of local and remote dial circuits, 
equipment stop, warmup, normal omnirange out- 
put, and the automatic transfer system. The 
individual schematic diagrams, which are ex- 
tracts from the overall schematic diagram (fig. 
155), illustrate the circuits involved in a specific 
dial number function. 


Note. Where a symbol is followed by a number and a 
letter in parentheses, refer to figure 155. 


a. The operation of dial I 201 (5, C, fig. 168) 
on Radio Set Control C-1738/FRN-20 at the 
local site takes precedent over remote dial I 501 
(2, D) in the remote control unit at all times. 
This control is maintained, regardless of the 
position of switch S202 (5, D), by contacts 1, 
2,4, and 5 of dial I 201 (5, C). When dial I 201 
is rotated off the home position, contact 2 opens 
the circuit from the remote line and connects 
one side of the coil of pulsing relay O 202 (6, C) 
to the —12 volts de present on contact 3 (5, C). 
Contact 5 of dial I 201 also opens the remote 
line and connects the other coil lead of relay 
O 202 to contact 6 which is at ground potential 
when dial pulsing contacts 7 and 8 are closed. 
Contact 2R of pulsing relay O 202 (6, C) re- 
ceives —12 volts de from the transfer unit when 
an automatic transfer cycle is not in progress. 
Cocking dial I 201 (5, C) will energize relay 
O 202, and —12 volts de will be applied to con- 
tact 8R of slow release relay O 201 (4, B) and 
contact 11 of the home section of minor switch 
K201 (6, B). The home section of minor switch 
K201 insures that each dial sequence will start 
switch K201 from the same neutral position be- 
fore stepping-off the pulses initiated by the dial. 
If minor switch K201 is at any position other 
than home, power will be supplied through con- 
tacts 7R and 8R of relay O 201 (4, B) directly 
to the release coil of minor switch K201 (5, B) 
and return the arm of the switch to the home 
position. When switch K201 is in the home 
position, contacts 11 and 12 (6, B) will energize 
slow release relay O 201 (4, B), and energize the 
step coil of switch K201 (5, B) into the ready 
position through contacts 8R and 9R of relay 
O 201 (4, B). Contact arm 2R of relay O 201 
removes power from the arm of minor switch 
K201 and applies it to the C-1840/FRN-22 to 
reset it to the first cycle. Contacts 4R, 5R, and 
6R of relay O 201 are used for audio muting. 
When dial I 201 (5, C) is released from the 
cocked position, contacts 2, 3, 5, and 6 remain 
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closed but contacts 7 and 8 open and close, caus- 
ing pulsing relay O 202 to deenergize and ener- 
gize. Slow release relay O 201 (4, B) remains | 
energized and conducts the pulses of relay O 202° 
to the step coil of minor switch K201 (5, B). 
The arm of switch K201 will be moved a numbe 
of steps in accordance with the number of pulses 
initiated by interrupter contacts 7 and 8 of dial | 
I 201 (5, C). When dial I 201 reaches home, 
contacts 2, 3, 5, and 6 open, deenergizing relay 
O 202 (6, C) and slow release relay O 201 
(4, B). Contacts 1R and 2R of relay O 20 
apply —12 volts de to the stepping arm of mino 
switch K201 (6, B) through the contact selected 
to the control circuits. q 
b. Dial I 501 (2, D), of the remote control — 
unit, receives 115-volt ac power from the second- 
ary of transformer T502 (1, D). When dial 
I 501 is cocked, contacts 2, 3, 5, 6, 7, and 8 are 
closed and apply the power to the primary of 
transformer T501 (3, D) if contacts 2L and 8L 
of push-to-talk relay O 501 (3, C) are closed. 
Ac power from the secondary of transformer 
T501 (8, D) is through the simplex telephone 
line and variable resistor R201 (4, C) to the 
input of bridge rectifier CR201 (4, C). The d 
output from bridge rectifier CR201 is fed 
through limiting resistor R202 (5, C), contacts 
4 and 5 of LOCAL-REMOTE switch $202 
(5, D), and contacts 1, 2, 4, and 5 of dial I 201 | 
(5, C) to the coil of pulsing relay O 202 (6, C 
When dial I 501 (2, D) is released from th 
cocked position, contacts 7 and 8 interrupt th 
ac voltage from transformer T502 (1, D) an 
produce de pulses from the output of bridg 
rectifier CR501 (4, C), which cause pulsin 
relay O 202 (6, C) to function the same as wit 
local dial I 201 (5, C). . 
ce. Dialing No. 10 will apply —12-volt de | 
power through contact 10 of minor switch K201 | 
(6, B) to one side of the coil of stop relay O 203 | 
(6, A). The other coil connection of relay O 203 
receives a ground from contacts 6R and 7R of 
No. 1 warmup control relay O 204 (7, A) or 
contacts 6R and 7R of No. 2 warmup control 
relay O 301 (9, A) through pin 21 of connectors 
J205, P803, P805, and J301 (8, A). When stop 
relay O 203 energizes, contacts 1R and 2R (6, A) 
open and remove the negative 12 volts de sup- 
plied to the coils of relays O 204 and O 301. 
Whenever relays O 204 and O 301 are deener- 
gized, relays O 205 (7, D) and O 302 (9, D) will ‘| 
" 


3 
. o 
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| be deenergized and both equipments will shut 


| down. 


These relays are discussed further in 


(1) through (5) below. 


(1) 


(2) 


Dial number 9 function (fig. 151). 
When 9 is dialed to warm up equipment 
No. 1, an arm of minor switch K201 
moves to No. 9 contact and applies —12 
volts to the coil of relay O 204. Relay 
O 204 energizes, furnishing a circuit for 
the —12 volts through contacts 1R and 
2R of stop relay O 203, contacts 2R 
and 38R of relay O 204, to the coil of 
service selector relay O 303, and through 
test switch S401 to the coil of power 
relay O 401. Service selector relay 
O 303 energizes, selecting identification 
tone or voice from the No. 1 equipment 
and connects the No. 1 carrier control 
line to tone-voice relay O 208 to enable 
the operator to put the voice-modulated 
carrier on the air before the omnirange 
relays are dialed. Relay O 303 also 
selects the +12 volts from the No. 1 
PP-1331/FRN-20 to be applied to the 
alarm circuit through contacts of relay 
O 206. Warmup relay O 401 applies 
115 volts ac to the components of the 
omnirange set to start warmup action 
and energizes the antenna relays, con- 
necting transmitter No. 1 to the an- 
tenna. Holding voltage for relay O 204, 
required when the arm of minor switch 
K201 is moved to another position, is 


applied from contacts 1R and 2R of 


stop relay O 203, through deenergized 
contacts 1R and 2R of equipment No. 2 
warmup relay O 301, contacts 4R and 
5R of relay O 204, as an interlock cir- 
cuit to prevent energizing -both equip- 
ments No. 1 and No. 2 at the same time. 
Dial number 8 function (fig. 152). 
When 8 is dialed, the —12 volts from 
minor switch K201 energizes equipment 


No. 1 omnirange relay O 205. The 
ground return for relay O 205 is 


through deenergized contacts 1R and 
2R of equipment No. 2 omnirange relay 
O 302. This is an interlock to prevent 
operation of both equipments at the 
same time. EQUIPMENT NO. 1 indi- 
cator lamp I 202 is connected across the 
coil of relay O 205 and lights when 


— 


O 205 energizes. Contacts 2R and 38R 
of warmup relay O 204 feed —12 volts 
through contacts 8R and 9R of relay 
O 205 to TEST switch $402 in the OFF 
position, to energize power relay O 402. 
Connection is also made from contact 
9R of relay O 205 to plate relay B/K1, 
which energizes the plate voltage supply 
in the modulation eliminator. Contacts 
6R and 7R of relay O 205 feed —12 
volts to the coil of relay O 206. Relay 
O 206 will energize as soon as the moni- 
tor is satisfied and close the contacts 
of course alarm relay F/RY4. Contacts 
6R and 7R of relay O 206 are the hold- 
ing contacts for relay O 205. Contacts 
4R and 5R of relay O 205 furnish a 
ground return for carrier control relay 
S5 in the PP-1331/FRN-20, which 
energizes the B+ supply for transmit- 
ter No. 1. Power relay O 402 in the 
power control unit turns on the ac volt- 
age to the goniometer motor, and to 
the heater of motor control thermal re- 
lay K902 in O-371/FRN-20. 

Dial number 7 function (fig. 158). 
When 7 is dialed, the —12 volts from 
minor switch K201 energizes equipment 
No. 2 warmup relay O 301. The —12 
volts from contacts 1R and 2R of stop 
relay O 203 is applied through deener- 
gized contacts 1R and 2R of relay O 204, 
as an interlock, and then through con- 
tacts 4R and 5R of relay O 301 as a 
holding voltage for relay O 301. An- 
other circuit from relay O 203, through 
contacts 2R and 38R of relay O 301, 
furnishes —-12 volts through EQUIP- 
MENT NO. 2 OPERATE switch $403 
in the 460A position to energize power 
relay O 403. Contacts 6R and 7R of 
relay O 301 furnish a ground return 
for the coil of stop relay O 203. Power 
relay O 403 applies 115 volts ac to the 
components of the transmitting set to 
start warmup action. Service selector 
relay O 303 remains deenergized when 
the No. 2 equipment is operated because 
contacts 2R and 3R of relay O 204 are 
open. 

Dial number 6 function (fig. 154). 
When 6 is dialed, the —12 volts from 
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minor switch K201 energizes equipment 
No. 2 omnirange relay O 302. The 
ground return for relay O 302 is 
through deenergized contacts 1R and 
2R of equipment No. 1 omnirange relay 
O 205. This interlock prevents dialing 
both equipments into operation at the 
same time. Contacts 2R and 3R of 
warmup relay O 301 feed —12 volts 
through contacts 6R and 7R of relay 
O 302 to TEST switch S404 in the OFF 
position. This energizes power relay 
OQ 404 and plate relay B/K1, which 
turn on the plate voltage supply in the 
modulation eliminator. Contacts 8R and 
9R of relay O 302 feed —12 volts to the 
coil of relay O 206. Relay O 206 will 
energize as soon as the monitor is satis- 
fied and close the contacts of course 
alarm relay F/RY4. Contacts 4R and 
dR of relay O 206 are the holding con- 
tacts for relay O 302. Contacts 4R and 
SR of relay O 302 furnish a ground 
return for carrier control relay S5, in 
the PP-1331/FRN-20, which energizes 
the B+ supply of the transmitter. 
Power relay O 404 in the power control 
unit applies ac voltage to the goni- 
ometer motor and to the heater of motor 
control thermal relay K902 in the 
O-371/FRN-20. 

(5) Dial number 5 function (fig. 155). 
Number 5 must be dialed at the end of 
either equipment dialing sequence to 
provide a voltage command to the 
C-1840/F RN-22, which will cause the 
C-1840/FRN-22 to cycle from an equip- 
ment failure. The arm of minor switch 
K201 (6, B) applies —12 volts de 
through contact 5, pin 5 of connectors 
J205 and P803 (8, B), and pin 1 of 
connectors P801 and J602 (14, B) to 


Section XXV. INTERUNIT THEORY OF FREQUENCY-REGULATED SUPPLY CIRCUITS 


203. General 


A frequency-regulated supply, consisting of 
Indicator Panel SB-830/FRN-— —22A, Audio Fre- 
quency Oscillator O-371/FRN-20, Audio Fre- 
quency Amplifier AM-1246/FRN-20, and Power 
Supply PP-1329/FRN-20, is incorporated in 
Radio Transmitting Set AN/FRN-29A. The 
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contact 2R of transfer trigger relay | 

K601 (15, C). Relay K601 is energized | 

during normal operation of the omni 

range set, and contacts 1R and 2F or 

relay K601 (15, C) are open. 

d. CO-1840/FRN-22 Cirewits (fig. 155). The 
complete theory of operation of the C-1840/ | 
FRN-22 is contained in paragraph 187. This | 
discussion is limited to interconnection with the | 
equipment control circuits. When dial I 501 | 
(2, D) or dial I 201 (5, C) is cocked, contacts | 
2R and 3R of relay O 201 (4, B) are closed and ' 
supply —12 volts de to pin 13 of connectors i 
J205 and P803 (8, B) and pin 11 of connectors | | 
P801 and J602 (14, B) to contact 12 of off | 
normal section K605D (17, A) of minor switch | 
K605. If minor switch K605 is not at the num- | 
ber 1 position, voltage will be applied through | 
contact 11 to the release coil which will reset | 
the switch to number 1. Contacts 12 and 13 of 
switch K605D (17, A) will close, applying —la 


| 


volts de to the coil of trigger relay K601 (15, D). | 
Trigger relay K601 will energize if the monitor | 
is satisfied and relay F/RY4 (12, E) is ener- 
gized, through the ground connection supplied 
by pin 2 of connectors F/J2 and P802 (11, E) i 
and pin 8 of connectors P801 and J602 (14, C)yay 
When no transfer cycles are in progress, con- | 
tacts 4L and 5L of relay K603 (17, C) and con- | 
tacts 7R and 8R of dial disabling relay K602 
(16, C) supply —12 volts de through pin 17 of 
connectors J602 and P801 (14, B) and pin 29 | 
of connectors P803 and J205 (8, C) to contact / 
2R of pulsing relay O 202 (6, C). Minor switch 
section K605A (15, A), performs dial 9 fune- i 
tions at positions 1, 3, and 5 or dial 7 functions | 
at. positions 2, 4, and 6 during transfer cycles, | 
Section K605B (16, A) performs dial 8 functions 
at, positions 2, 4, and 6, or dial 6 functions at q 
positions 3, 5, and 7. Dial 10 functions are com- | 
pleted by switch section K605B at position 8. _ 


allan 
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goniometer. For ease of discussion, only the” 
operational theory for equipment No. 1 will be. 
outlined. However, with the exception of refer- | 


\theory given for equipment No. 1 applies equally 
|}to equipment No. 2. For complete details, refer 
to the overall schematic diagram (fig. 156). 


204. Signal Circuits 

(fig. 156, contained in separate envelope) 
a. The 50- or 60-cycle signal of approximately 
}1.5 volts is developed in the O-371/FRN-20. 
The output of the O-371/FRN-20 (pins 3 and 
j4 of receptacle J901) is applied to pins 2 and 3 
of connectors P/P1909 and G/J4 on the AM- 
11246/FRN-20. The amplified output signal is 
Jat the plate caps of tubes G/V4 and G/V5 
(working as a push-pull amplifier) and is ap- 
iplied to standoff terminals P/E1902 and 
|P/E1906 for equipment No. 1. Signal flow from 
jthis point is through a cabinet interconnect wir- 
jing harness to standoff terminals E1801 and 
/£1802 in the CY-1899/FRN-22. Connections 
are then made directly to the secondary (termi- 
jnals 5 and 9) of transformer T-1403 in the PP- 
|1829/FRN-20. 
b. A voltage of 115 volts ac at the regulated 
\frequency is induced into the secondary of T1403 
jand fed through receptacle J1401 (pins A and 
iC) on the PP-1329/FRN-20, terminal board 
TB1802 (terminals 3 and 5), terminal board 
1P/TB1908 (terminals 6 and 8), and receptacle 
|}J902 (pins 5 and 7) on the O-3871/FRN-20 to 
|the contacts of motor control relay K901. Ap- 
jproximately 60 seconds after applying ac power 
\(by dialing 9, then 8) to a thermal relay, motor 
|control relay K901 energizes, applying this fre- 
\quency-regulated voltage to the goniometer 
\motor through receptacle J902 ( pins 10 and 11), 
jterminal board P/TB1903 (terminals 1 and 2), 
jterminal board TB1801 (terminals 1 and 2), and 
jconnectors P1803 and C/J6. 


1205. Metering Circuits 


(fig. 156, contained in separate envelope) 


a. Facilities for monitoring either of the PP- 
j1329/FRN-20 circuits is provided by the meter 
panel (fig. 232). Metering circuits may be 
|switched from one equipment to the other by 
Ineans of two rotary switches, $1901 and $1902. 
|Connections are made between receptacle J902 
(pins 10 and 11) on the O-371/FRN-20 and ter- 
minal board TB1901 (terminals 2 and 4 for 
equipment No. 1) on the meter panel. These 
connections are parallel with the motor and in- 


dicate the voltage and frequency of the power 
apphed to the motor. 

6. The driver (tubes G/V2 and G/V8) total 
current measurement is accomplished by con- 
necting meter M1901 on the meter panel through 
switch S1901A (terminal 2), terminal board 
TB1901 (terminal 7), and pin 7 of receptacle 
G/J4 on the AM-1246/FRN-20 across resistor 
G/R3 in the cathode circuit of the driver stage. 

c. Amplifier (tubes G/V4 and G/V5 in am- 
plifier) total current measurement is accom- 
plished by connecting meter M1901 on the meter 
panel through switch S1901A (terminal 1), ter- 
minal board TB1901 (terminal 6), and pin 8 of 
receptacle G/J4 on the AM-1246/FRN-20 across 
resistor G/R8 in the cathode (filament return) 
circuit of the final amplifier stage. Center con- 
tacts of motor control relay K901 are connected 
in series with the cathode return circuit of the 
final amplifier (tubes G/V4 and G/V5) stage 
and prevent current from flowing in this circuit 
until the relay is energized. This connection is 
from pins 5 and 6 of receptacle J901 on the 
O-371/FRN-20 to pins 4 and 5 of receptacle 
G/J4 on the AM-1246/FRN-20. 


206. B+ Circuits 
(fig. 156, contained in separate envelope) 

a. The B+ circuits for the O-371/FRN-20 are 
all self-contained and are covered adequately in 
the unit theory section. 

b. The B+ voltages for the AM-1246/FRN-20 
are obtained from the PP-1329/FRN-20. The 
500-volt de output of the low-voltage section of 
the power supply is at pin J of receptacle J1401. 
Connection is then made through plug P1808, 
terminal board TB1802 (terminal 1), and ter- 
minal board P/TB1907 (terminal 7 for equip- 
ment No. 1) to high-voltage receptacle G/J3 on 
the amplifier. The 1,350-volt de output of the 
power supply is applied to the center tap of the 
primary winding of transformer T1403 and from 
there is applied to the plate caps of tubes V4 and 
V5 in the AM-1246/FRN-20. 

c. A de control voltage is taken from the arm 
of REGULATOR control R920 in the O-871/ 
FRN-20. This control voltage is fed through 
pin 6 of receptacle J902 and plug P/P1908 to 
terminal board P/TB1908 (terminal 7) and, 
through a wiring harness, to terminal board 
TB1802 (terminal 4) and then to pin B of re- 
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ceptacle J1401. 
center tap of the primary winding of trans- 
former T1403; it is a threshold voltage that is 


Section XXVI. 


207. General 

Dual transmitting circuits, each consisting of 
Power Supply PP-1331/FRN-20, Radio Trans- 
mitter T-573/FRN-20, Modulation Eliminator 
MX-~1843/FRN-20, and the goniometer capacitor 
on Electrical Goniometer GO-12/FRN-20, are 
incorporated in Radio Transmitting Set AN/ 
FRN-22A. The antenna relay assembly and An- 
tenna AT-669/FRN-22 are considered a portion 
of both transmitting circuits. For complete cir- 
cuit details, refer to the overall schematic dia- 
gram (fig. 157). 


208. Transmitting Signal Circuit 
(fig. 157, contained in separate envelope) 

a. The RF signal generated in either the equip- 
ment No. 1 or the equipment No. 2 transmitter is 
fed through the output cable and plug A/P1 to 
receptacle B/J2 on the modulation eliminator. 
Receptacle B/J2 is paralleled to receptacle B/J1 
in the modulation eliminator and feeds the RF 
signal through a coaxial cable to receptacle J1802 
in the top of the CY-1899/FRN-22. The modu- 
lation eliminator extracts a portion of the RF 
signal from receptacle B/J2 and removes the 
modulating components. The output of the modu- 
lation eliminator is fed through cable W1 to IN- 
PUT receptacle C/J4 of goniometer capacitor 
C/C17. The two outputs of goniometer capacitor 
C/C17 are connected through coaxial cables from 
receptacles C/J3 and C/J5 to receptacles J1801 
and J1803 at the top of the CY-1899/FRN-22. 

6. The reference carrier signal from either 
transmitting equipment is fed through coaxial 
cables from the top of the respective CY-1899/ 
FRN-22 to the antenna changeover relays. For 
equipment No. 1, the reference carrier signal 
from receptacle J 1802 is fed through coaxial 
cable W14 to receptacle N/J1008 on the antenna 
changeover relay assembly. Antenna changeover 
relay N/K1010, energized for equipment No. 1 
operation, feeds the reference carrier signal 
through receptacle N/J1007 and phasing cable 
W5 connected to coaxial cable W3 to the refer- 


ence carrier section of the antenna. The refer- 
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This voltage is applied to the 


INTERUNIT THEORY OF TRANSMITTING CIRCUITS | 


fed back to the cathodes of an age detector in the | 
O-871/FRN-20 to regulate the output of the | 
oscillator. i | 


a || 
| 
| 
) | 
| 
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ence carrier is then radiated omnidirectionally 
from the antenna and carries the subcarrier mod- 
ulation plus the station identification tone or} 
voice signal modulation. One variable carrier 
signal, from receptacle J1801, is fed through. 
coaxial cable W138 to receptacle N/J1005. An- | 
tenna changeover relay N/K1008, energized for 
equipment No. 1 operation, feeds the RF signal | i 
through receptacle N/J1004 and coaxial cable W2 | 
to one variable carrier section of the antenna, 
The second variable carrier signal, from recep- 
tacle J1803, is fed through coaxial cable W15 to 
receptacle N/J1011. Antenna changeover relay 
N/K1009 feeds the RF signal through receptacle 
N/J1010 and coaxial cable W4 to the other varia- 
ble carrier section of the antenna. The two va- 
riable carriers are radiated as figure-of-eight pat: 
terns which add vectorially to produce one rotat- 
ing figure-of-eight pattern. The rotating figure- 
of-eight pattern then adds vectorially with the 
reference carrier pattern to produce the rotating: 
eccentric lobe pattern. } 

c. The reference and variable carrier signals 
for equipment No. 2 are fed through coaxial ca- 
bles W16, W17, and W18 to the antenna change: | 
over relays. The antenna changeover relays. 
(N/K1008, N/K1009, and N/K1010) are deener- 
gized for equipment No. 2 operation and feed, 
the RF signals through coaxial cables W2, W3, | 
and W4 to the proper sections of the antenna. 


209. B+ and Bias Circuits 4 
(fig. 157, contained in separate envelope) — 4 

a. The B+ voltages of +250 and +500 volts), 
are developed by the PP-1331/FRN-20. The: 
+250 volts de is applied through terminal board | 
TB1 (terminal 7) and receptacle A/J1 (pin 7) 
to supply operating voltage for tubes of the’ 
transmitter. The +500 volts is applied through | 
terminal E1 and receptacle A/J2 to supply opel 
ating voltage for final amplifier A/V4. 7 
b. Bias voltages of —25 and —75 volts de are 
developed in the PP-1331/FRN-20. The —25 
volts de is applied through terminal board TB1 
(terminal 12) and receptacle A/J1 (pin 12) to 


the grid of A/V3, the second doubler amplifier. 
The —75 volts dc is applied through terminal 


board TB1 (terminal 11) and receptacle A/J1 
(pin 11) to the grids of A/V4, the final amplifier. 


Section XXVII. INTERUNIT THEORY OF MODULATING SIGNAL CIRCUITS 


210. General 


The modulating signal circuits consist prima- 
rily of the subcarrier signal circuit and the iden- 
tification tone circuit. However, circuits for voice 
modulation from the remote control point are 
available and employ a portion of the identifica- 
tion tone circuit. For complete circuit details, 
refer to the overall schematic diagram (fig. 158). 


)211. Subcarrier Modulating Signal Circuits 
: (fig. 158, contained in separate envelope) 
The subcarrier modulating signal circuits for 
jequipment No. 1 comprise circuits within the 
goniometer and transmitter. The subcarrier 
modulating signal that originates in the subcar- 
rier section of the goniometer is applied through 
receptacles C/J1 (pin 1) and C/J7 (pin 3) to 
attenuator C/R18. Attenuators C/R18 and 
C/R17 combine the subcarrier signal with the 
identification tone or voice signal and feed the 
combined signal through receptacle C/J 7 (pin 
8) and terminal board TB1 (terminal 21 shorted 
to terminal 6) to receptacle A/J1 (pin 6), where 
it is applied through attenuator A/AT1 to the 
modulator section of the transmitter. The path 
of the subcarrier modulating signal is the same 
for equipment No. 2. 


|212. Identification Tone Circuits 
(fig. 158, contained in separate envelope) 


The identification tone circuits for equipment 
No. 1 consist of Audio Frequency Oscillator O- 
1873/FRN, Keyer KY-175/FRN, portions of 
Relay Assembly RE-248/FRN-22, Radio Set 
Control C-1738/FRN-20, Radio Set Transfer 
Control C-1840/FRN-22, Electrical Goniometer 
GO-12/FRN-20, and Radio Transmitter T-573/ 
FRN-20. 

a. The 1,000-cycle identification tone that orig- 
inates in the O-373/FRN is applied through re- 
ceptacle E/J2 (terminals 1 and 4) to keyer termi- 
nal board L/TB501 (terminals 6 and 2). The 
|keyer interrupts this tone to produce the station 
identification code. The keyer tone is then ap- 
plied through terminal board L/TB501 (termi- 
nals 1 and 2) and receptacle J304 (terminals 1 


and 2) to the contacts of service selector relay 
O 308. 

b. Service selector relay O 303, energized for 
equipment No. 1 and deenergized for equipment 
No. 2, selects the keyed tone from the appropriate 
O-873/FRN and keyer. The keyed tone is ap- 
plied from the contacts of relay O 303 through 
J301 (pins 12 and 13) and receptacle J602 (pins 
12 and 13) to the contacts of relay K604. Relay 
K604 energizes during a transfer cycle and termi- 
nates the keyed tone circuit in a 470-ohm resistor 
for muting. With relay K604 deenergized, the 
keyed tone is applied through receptacle J602 
(pins 138 and 14) and receptacle J205 (pins 12 
and 13) to tone-voice relay O 208, which selects 
the keyed tone when deenergized or the voice- 
modulating signal when energized. 

c. A common circuit for the keyed tone and 
voice signals is applied from the contacts of relay 
O 208 through capacitor C202, filter FL201, and 
receptacle J205 (pins 10 and 11) to the RE-248/ 
FRN-22. The input to the RE-248/FRN-22 at 
receptacle J301 (pins 10 and 11) is applied to the 
contacts of service selector relay O 303. Relay 
O 303, energized for equipment No. 1, feeds the 
modulating signal through receptacle J304 (pins 
3 and 4) to terminal board TB802 (terminals 7 
and 8). The signal path for the modulating sig- 
nal is then through the intercabinet wiring har- 
ness, terminal board TB1801 (terminals 9 and 
10), and receptacle C/J7 (pins 1 and 2) to atten- 
uator C/R17. Attenuator C/R17, working with 
attenuator C/R18, combines the identification 
tone or voice signal with the subcarrier signal 
and feeds the combined signal through receptacle 
C/J7 (pin 7) and terminal board TB1 (terminal 
20 shorted to terminal 3) to receptacle A/J1 (pin 
3), where it is applied through attenuator A/AT1 
to the modulator section of the transmitter. The 
theory of operation for the identification tone 
circuit in equipment No. 2 is identical with that 
for equipment No. 1. Minor deviations exist in 
reference designations for receptacles and termi- 
nal boards. The only notable difference is the 
reciprocal action of service selector relay O 303. 
It is energized for operation with equipment No. 
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1 and deenergized for operation with equipment 
No. 2. 


213. Voice Signal Circuits 
(fig. 158, contained in separate envelope) 

The voice signal circuits for either equipment 
No. 1 or equipment No. 2 consist of Audio Fre- 
quency Amplifier AM-1247/FRN-20 and _ por- 
tions of Radio Set Control C-1739/FRN-20, Ra- 
dio Set Control C-1738/FRN-20, Relay Assem- 
bly RE-248/FRN-22, Electrical Goniometer 
GO-12/FRN-20, and Radio Transmitter T-573/ 
FRN-20. 

a. Voice modulation can be accomplished any 
time after the equipment has been placed in 
warmup condition by closing the press-to-talk 
switch and speaking into microphone MK1. The 
press-to-talk switch supplies a ground return to 
press-to- talk relay O 501. Relay O 501 energizes, 
opening the simplex line, which causes simplex 
control relay O 207 to deenergize. Deenergized 
contacts of relay O 207 furnish a ground for tone- 
voice relay O 208. Relay O 208, energized, com- 
pletes the circuits for voice modulation and opens 
the circuits for identification tone modulation. 
Relay O 208 also completes the carrier control 
circuit so that voice-modulated carrier may be 
transmitted after either warmup or omnicondi- 
tion has been dialed. 


Section XXVIII. 


214. General 


The monitoring and alarm circuits sample and 
monitor the radiated signal to signal an alarm 
by means of lamps and a buzzer if an improper 
signal is being radiated. Facilities that enable 
the operator to aurally monitor the signal are 
also provided. 


215. Alarm Monitoring Circuits 


(fig. 159, contained in separate envelope) 

The alarm monitoring circuits consist of An- 
tenna Group AN/FRA-14, Course Monitor MX- 
1837/F RN-20, and portions of Radio Set Con- 
trols C-1738/FRN-20 and C-1739/FRN-20. 

a. The AN/FRA-14 samples the radiated sig- 
nal, detects it, and feeds the detected signal 
through coaxial cable W7 to receptacle F/J1 on 
the monitor. The monitor separates the detected 
signal into three components (reference, variable, 
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INTERUNIT THEORY OF MONITORING AND ALARM CIRCUITS 


5. The microphone plugs into receptacle J50§ 
on the remote control unit, and connections ar 
made from J502 (pins 2 and 3) through termina 
board E501 (terminals 3 and 4) to input recep- 
tacle J/J1 (pins 2 and 3) on the AM-1247/FRN- 
20. Output of AM-1247/FRN-20 receptacl 
J/J2 (pins 1 and 4) is fed through terminal 
board E501 (terminals 5 and 6), the energized 
contacts of relay O 501, and the deenergized con- 
tacts of dial I 501 to transformer T501. The sig 
nal is then coupled to the secondary of T501 an 
through terminal board E501 (terminals 1 and 2) 
and over the telephone line to terminal boare 
TB804 (terminals 1 and 2) in the CY-18$ 
FRN-22. The signal path is through terming 
board E201 on the C-1738/FRN-20 to trans 
former T201. The output of the transformel 
secondary is fed through the deenergized contact 
of slow release relay O 201, contacts of RING 
TALK switch S201 in the neutral position, am 
contacts of LOCAL-REMOTE switch $202 n 
the REMOTE position to the contacts of tone 
voice relay O 208, which (when energized) com 
pletes the voice-modulation signal circuits. Cir 
cuits from relay O 208 to the modulator are om 
mon to both tone and voice-modulating signal 
and are discussed in paragraph 212¢. 


and audio signals) and feeds them through thei: 
respective channels. 

5. Amplitude and phase-sensitive circuits 1 iam 
cate any change in the signal by means of meter 
and alarm lights on the monitor. When thes 
changes reach a predetermined level, alarm rela 
F/RY4 deenergizes, breaking the ground retur 
to alarm trigger relay O 206 in the C1738 
FRN-20. This ground return connects conta¢ 
of relay F/RY4 through receptacles F/J2 (pi 
2) and J205 (pin 8) to the coil of relay O 2 
Relay O 206 deenergizes, changing the simple 
voltage on the telephone line from negative t 
positive and causing the green VOR ON pil 
lamp on the remote control unit to go out am 
buzzer I 502 to sound. Alarm selector swite 
S501, located on the remote control unit, may | 
changed to the center position to silence the 
buzzer and light the amber TRANSM SR 


| ON pilot lamp. When anything happens to 
} cause the loss of simplex voltage, buzzer I 502 
sounds with alarm selector switch S501 in either 
}upper or center position and both pilot lamps 
go out. 


|216. Aural Monitoring Circuits 
| (fig. 159, contained in separate envelope) 


| The aural monitoring circuits consist of por- 
tions of Course Monitor MX-1837/FRN-20 and 
Radio Set Controls C-1738/FRN-20 and C-1739/ 


a. The audio portion of the detected signal is 
jamplified by the audio channel in the monitor 
and fed through receptacles F/J2 (pins 3 and 4) 
jand J205 (pins 14 and 15) to jack J201, which 
jmay be used by maintenance personnel to moni- 
tor the signal at the shelter. 


217. General 


An intercommunication circuit between the lo- 
jcal and remote points is provided for the con- 
| venience of maintenance and operating personnel. 
| This circuit consists of two sound-powered hand- 
}sets and utilizes circuits within the C—1738/ 
| FRN-20 and C-1739/FRN-20. 


| 218. Signaling Circuits 
/ (fig. 160) 
Maintenance personnel at the shelter may sig- 
| nal the operator any time the station is in warmup 
or omni condition by momentarily holding 
RING-TALK switch S201 in the RING position. 
| This action interrupts the simplex voltage and 
| causes the alarm buzzer in the C-1739/FRN-20 
{to sound. (For circuits of the buzzer, see moni- 
| toring and alarm circuits (par. 215 and fig. 159) ). 
| The operator at the remote control point may 
| signal maintenance personnel at the shelter by 
dialing 5 several times. This action causes a re- 
| lay in the C-1738/FRN-20 to click if the LO- 
CAL-REMOTE switch is in LOCAL position. 


6. The audio signal is applied from receptacle 
J201 through the deenergized contacts of tone- 
voice relay O 208, contacts of LOCAL-REMOTE 
switch S202 in REMOTE position, contacts of 
RING-TALK switch $201 in neutral position, 
and the deenergized contacts of relay O 201 to 
transformer T201. The signal is coupled through 
transformer T201 and terminal boards E201 and 
TB804 (terminals 1 and 2) to the telephone line 
which is connected to the remote control point. 
At the remote control point,.the telephone line 
connects to terminal board E501 (terminals 1 and 
2) and feeds the audio signal through trans- 
former T501, the deenergized contacts of press- 
to-talk relay O 501, and the deenergized contacts 
of dial I 501 to receptacle J501.. Sound-powered 
handset HS1 connects to receptacle J501 (pins 
2 and 3) and enables the operator to hear the 
audio signal. 


Section XXIX. INTERUNIT THEORY OF HANDSET INTERCOMMUNICATION CIRCUITS 


When the LOCAL-REMOTE switch is in the 
REMOTE position, dialing 5 from the remote 
point causes a pulsing relay and a minor switch 
to operate, and the clicking of these parts can be 
heard by the maintenance personnel and inter- 
preted as a signal from the operator. 


219. Voice Circuits 
(fig. 160) 

The voice signal developed in sound-powered 
handset HS2 is applied through receptacle J202, 
the contacts of RING-TALK switch $201 in the 
TALK position, and the deenergized contacts of 
relay O 201 to transformer T201. The voice sig- 
nals are coupled through transformer T201, ter- 
minal boards E201 and TB804 (terminals 1 and 
2) to the telephone line. The telephone line ap- 
plies the signal through terminal board E501 
(terminals 1 and 2), transformer T501, the de- 
energized contacts of relay O 501, and dial I 501 
to receptacle J501. Handset HS1 connects to re- 
ceptacle J501 to complete the intercommunication 
circuit. 
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CHAPTER 3 
PREVENTIVE MAINTENANCE AND LUBRICATION 


Section |. PREVENTIVE MAINTENANCE 


220. Equipment and Materials 


a. Tools. Tool Equipment TE-41. 
b. Materials. 
(1) Cleaning Compound (Federal stock No. 
7930-395-9542) . 
(2) Cleaning cloth. 
(3) Fine sandpaper (#000). 


|221. DA Form 11—238 


a. DA Form 11-238 is a preventive mainte- 
{nance checklist used by the field repairman. Fig- 
ures 161 and 162 show the form as it is used. 
References in the item blocks are to paragraphs 
that contain additional maintenance information. 
Items not applicable to this equipment are lined 
out. Items performed by the operator (par. 4 
TM 11-5825-205-12) also are lined out. Instruc- 
tions for use appear on the form. 

b. The following information is supplementary 
to DA Form 11-238. The item numbers corre- 
spond to ITEM numbers on the form. 


Item Maintenance procedures 


6 | Remove all rust from components with sandpaper 
and touch up bare spots with paint. 

7 | With the exception of RF cables, repair any cuts 
in the insulation by covering them with rubber 
tape and then with friction tape. Replace RF 
cables which have cuts in the insulation. Re- 
place or repair all broken cords and cables. 

11 | Six electrostatic air filters are used in the equip- 
ment. Remove and clean these filters at least 
once a month according to the procedure given 
in paragraph 222b. 

25 | Inspect the antenna and the AN/FRA-14 to see 
that all gaskets provide a good weatherproof 
seal. 

26 | Inspect the dipole antenna on the AN/FRA-14 
for corrosion and loose connections. Check 
antenna mounting insulators for cracks or 
chipping. 

27 | Check the equipment for normal 
according to the chart (par. 229). 


operation 


Warning: Obtain permission to disconnect 
all power before performing any of the follow- 
ing operations which may result in exposure 
to high voltages. After the power is turned 
off, some capacitors still retain voltages of dan- 
gerous potential. Before touching exposed 
electrical parts, short-circuit the part to 
ground. When maintenance is completed, re- 
connect the power and check for satisfactory 
operation. 


222. Cleaning Air Filters 


Six electrostatic air filters are located in the 
equipment. One filter is used with each of the 
four cabinet blowers. Two filters are used with 
the shelter blower (figs. 6 and 7). The six filters 
must be cleaned at least once a month under nor- 
mal conditions and more often when the equip- 
ment is operated in dry dusty areas. The pro- 
cedure for removing, cleaning, and reinstalling 
the filters is outlined below. 

a. Cabinet Blower Air Filters. 

(1) Loosen the four quick-action fasteners 
which hold the cover on the blower hous- 
ing (fig. 29) and remove the cover. 

(2) Remove the air filter from the blower 
housing. 

(3) Note the airflow arrows on the side of 
the filter. Before cleaning the filter, 
make permanent arrow marks on it to 
indicate direction of airflow. 

(4) Wash the filter thoroughly in cool clean 
water. If necessary, use a detergent. 
Rinse in clear water. If a hose is avail- 
able, pass a fine spray of water through 
the filter in a direction opposite to that 
of the airflow arrows on the side of the 
filter. 


Caution: Do not direct a high veloc- 
ity stream of water against the filter 
and do not disturb the normal distri- 
bution of the shredded material in the 
filter. 
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(5) Gently shake the water out of the filter. 
When the filter is thoroughly dry, re- 
place it in the blower housing with the 
arrows on its side pointing toward the 
blower motor. 

(6) Replace the cover on the blower housing 
and tighten the four quick-action fas- 
teners. 

b. Shelter Blower Air Filters. 

(1) Loosen the two knurled thumbscrews 
which hold the rear panel of the blower 
housing in place (fig. 6). Grasp the rear 
panel firmly with both hands. Pull the 
panel outward to clear the lock hasp and 


Section Il. 


223. Lubrication Points 

a. General. Lubrication points for Radio 
Transmitting Set AN/FRN-22A are shown in 
figures 163 through 168. The symbol Q stands 
for a period of 8 months. The symbol S indi- 
cates every 6 months. A month interval consists 
of 30 days of normal 8-hour operation. If the 
equipment is operated more than 8 hours a day, 
the lubrication intervals will have to be adjusted 
to prevent excessive wear. For example, if the 
omnirange set is operated 16 hours a day instead 
of 8, lubrication periods have to be cut in half; 
semiannual (S) periods would become quarterly 
(Q) periods, and so on. The type of lubrication 
to be used, the lubrication interval, and special 
lubrication instructions are given directly on the 
respective illustrations. Additional instructions 
necessary to reach hidden lubrication points and 
additional lubrication instructions are given in 
6 through A below. 

b. Shelter Blower Motor (fig. 163). 

Note. The shelter blower motor operates only when 
the temperature within the shelter rises above 85° F. 
The lubrication intervals should be adjusted on the basis 
of estimated operating time. 

(1) Place circuit breaker K1015 (fig. 201) 
in the OFF position. 

(2) Loosen the two knurled thumbscrews 
which hold the rear panel of the blower 
housing in place (fig. 6). Grasp the rear 
panel firmly with both hands. Pull the 
panel outward to clear the lock hasp and 
pull downward to remove the top edge 
of the panel from under the flange on 
the blower cover. 
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the blower housing. Follow instructioll | | 
given in a(2) through (5) above. | 


the arrows on their sides pointing toward | | 
the blower motor. i 
(4) Replace the rear panel of the blower | 
housing. Tighten the two knurled | 
thumbscrews to hold the panel in place. | 


LUBRICATION j 


(3) Lubricate the motor according to lubri- | 
cation instructions on figure 163. Use. 

a clean cloth to wipe any excess oil from ] 

the exterior of the motor. 

(4) Replace the rear panel of the. blowalt 
housing. Tighten the two knurled | t 
thumbscrews to hold the panel in place. | 

(5) Place circuit breaker K1015 in the ON ! 
position. i 

c. Cabinet Blower Motors (fig. 167). A cabi- | 
net blower is located on the rear of each of the 
four electrical equipment cabinets in the shelter. | 
Lubrication instructions for the cabinet blower. 
motors are outlined below. ; 
Note. Each cabinet blower motor operates only when | 
the temperature in the cabinet rises above 90° F. The) 
lubrication intervals should be adjusted on the basis of | 
estimated operating time. 4 
(1) Place circuit breaker K1015 (fig. 201). j 

in the OFF position. 4 

(2) Loosen the four quick-action fasteners) 
which hold the cover on the blower | 

ing (fig. 29) and remove the cover. | 


housing. 

Lubricate the motor according to lubri- 
cation instructions on figure 167. Use a 
clean cloth to wipe any excess oil from 
the exterior of the motor. . 
Replace the air filter in the blower hous: . 
ing with the arrows on its side pointing ' 
toward the blower motor. 4 
Replace the cover on the blower housing. 
and tighten the four quick-action fas: 
teners. . 


(4 


— 


(5 


ed 


(6 


No 


LUBRICANT INTERVAL 


BB Q MOTOR BEARINGS 
APPLY 10 TO |!5 DROPS 


BB Q MOTOR BEARINGS 
APPLY 10 TO 15 DROPS | 


KEY 


QUARTERLY 


LUBRICANT 


BB } LUBRICATING OIL, 
INTERNAL COMBUSTION 
ENGINE MIL-L-2104A 
(OE10) 


TM215—-73 


Figure 163. Propeller Ventilating Fan HD~244/FRN-22, motor lubrication. 
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LUBRICANT INTERVAL 


OUTSIDE LATCH HANDLE GL Q 
LUBRICATE MODERATELY 
' BETWEEN LATCH HANDLE AND 
LATCH MOUNTING PLATE 
OPERATE TO SPREAD 


LATCH MOUNTING GL Q 
PLATE SLOTS | 

LUBRICATE MODERATELY 

OPERATE LATCH TO SPREAD 


DOOR HINGE PE Q 
APPLY A FEW DROPS 
OPERATE TO SPREAD 


LATCH HOOK GL Q 
LUBRICATE MODERATELY 


DOOR HINGE PL Q 
APPLY A FEW DROPS 
OPERATE TO SPREAD 


LATCH HOOK GL Q 
LUBRICATE MODERATELY 


DOOR HINGE PL Q 
APPLY A FEW DROPS 
OPERATE TO SPREAD 


KEY 


INTERVAL 


QUARTERLY 


| LUBRICANT _i 


PL | LUBRICATING OIL, 
GENERAL PURPOSE, 
PRESERVATIVE 
MIL-L-644A 

(PL SPECIAL) 

GL] GREASE, AIRCRAFT 
AND INSTRUMENT 
MIL-G-3278 (GL) 


QUARTERLY 


TM215-75 


Figure 165. Electrical Equipment Shelter S—120/FRN—-22, door lubrication. 
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INTERVAL LUBRICANT 


LATCH PIVOT 


APPLY | OR 2 DROPS 
OPERATE TO SPREAD | 


Q a 


CATCH PIVOT 


LUBRICANT 


DOOR HINGE PL 
APPLY A FEW DROPS 
OPERATE TO SPREAD 


DOOR HINGE PL 


APPLY A FEW DROPS 
OPERATE TO SPREAD 


DOOR HINGE EU 


APPLY A FEW DROPS 
OPERATE TO SPREAD 


KEY 


PL} LUBRICATING OIL, 

GENERAL PURPOSE, 
PRESERVATIVE MIL- 
L-644A (PL SPECIAL) 
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LUBRICANT INTERVAL 


QUARTERLY 


Figure 166. Electrical equipment cabinet, lubrication points. 


INTERVAL 


Q 


APPLY | OR 2 DROPS 
OPERATE TO SPREAD 


TM2I5-76 | 


a ee 


INTERVAL 
Q 


KEY 


LUBRICATING OIL, 
GENERAL PURPOSE 
VV-L-820(LO) 


Figure 167. 


(7) Place circuit breaker K1015 in the ON 
position. 

d. Keyer Motors (fig. 168). One keyer is used 

} with each of the two transmitting equipments. 

| Lubricate the keyer motor of the idle transmit- 

ting equipment first. Place the idle transmitting 

equipment in operation while the second keyer 

motor is being lubricated. Lubrication instruc- 
| tions for the keyer motors are outlined below. 


Warning: Dangerous voltages exist in the 
cabinet in which the keyers are located. Be 
careful when removing the keyers from the 
cabinet. 


(1) Open the door of the CY-1897/FRN-22. 

(2) Disconnect the three wires from termi- 
nal board TB501 at the rear of the idle 
keyer (fig. 16). 

(3) Remove the ac plug from receptacle 
J501 on the keyer (fig. 16). 

(4) Remove the trim strips from the front 
of the CY-1897/FRN-22 (fig. 11). 


LUBRICANT INTERVAL 


: QUARTERLY 


(5) 


(6) 


(7) 


(9) 


LUBRICANT 
AA MOTOR BEARINGS 
APPLY 5 TO 10 DROPS 
AA MOTOR BEARINGS 
APPLY 5 TO IO DROPS 


CK 


4 

ar 
QO 
rene, 


TM215-77 


Cabinet blower motor, lubrication points. 


Remove the four screws which mount 
the keyer in the cabinet and remove the 
keyer. 

Loosen the two knurled thumbscrews 
which hold the front panel of the keyer 
in place and remove the front panel. 
Lubricate the motor through the hole in 
the top of the chassis according to lubri- 
cation instructions on figure 168. 
Replace the front panel of the keyer and 
tighten the two knurled thumbscrews. 
Mount the keyer in the CY-1897/FRN- 
22 with four screws. 


(10) Replace the trim strips on the front of 


the CY-1897/FRN-22. 


(11) Insert the ac plug in receptacle J501 


on the keyer (fig. 16). 


(12) Connect the three wires to terminal 


board TB501 on the keyer (fig. 16). 


(13) Close the door of the CY-1897/FRN- 


e. Minor Switches. 


29. 
Two minor switches are 
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LUBRICANT INTERVAL 


GEAR CASE 0 s 
ADD LUBRICANT TO M 

POINT JUST BELOW 
TOP OF OIL HOLE. 


KEY 


LUBRICANT INTERVAL 


LUBRICATING OIL, SEMIANNUALLY 


GENERAL PURPOSE 
VV-L- 820(LO) 


used in the equipment. Minor switch K201 is 
located in the C-1738/FRN-20. Minor switch 
K605 is located in the C-1840/FRN-22. Both 
components on which the minor switches are 
located are mounted in the CY-1897/FRN-22. 
Lubrication instructions for both minor switches 
are outlined below. 

Note. Before starting the lubrication procedures out- 
lined below, refer to TM 11-2103 for information on lu- 
brication intervals. 

Warning: Dangerous voltages exist in the 
CY-1897/FRN-22. Do not touch cabinet ter- 
minal board TB805 or any portion of the volt- 
age regulator. 


(1) Place circuit breakers K1003 and K1004 
in the OFF position (fig. 201). 

(2) Open the door at the rear of the CY- 
1897/FRN-22. 

(3) Remove the two screws that hold the 

dust cover on the rear of the C_1840/ 

FRN-22 (fig. 28). Remove the dust 

cover. 

Remove the two knurled thumbnuts that 

hold the dust cover on the rear of the 


C-1738/FRN-20. Remove the dust 
cover. 
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TM215-79 1 
| 


Figure 168. Keyer KY-175/FRN, motor lubrication. | 


(5) Lubricate the minor switches according 


tc lubrication instructions in TM 11g 
q 


2103. 


e 
(6) Replace the dust cover on the C-1840/ | 


| 


Pe 


FRN-22 and tighten the cover screws. M 
(7) Replace the dust cover on the C-1738/ 


i 
! 


FRN-20 and tighten the knurled coum 
nuts. 4 
(8) Close the door of the cabinet. | 
(9) Set circuit breakers K1003 and K1004 


to the ON position. 4 
f. Telephone Dials. e 
used in the equipment: One dial is located on the | 


G 
J 


remote control unit (fig. 48); the other dial is” 
located on the C-1738/FRN-20. Lubrication in- | 
structions for telephone dials are outlined below. | 


Note. Before starting the lubrication procedures out- 4 


lined below, refer to TM 11-2103 for information on lu 
brication intervals. 


(1) At the remote control point, disconnect | 
the power cable for the remote control’! 


i 


(2) Within the shelter, place circuit breakers 


unit and the AM-1247/FRN-20 from: 
the 115-volt ac power source. 


K1003 and K1004 in the OFF position | 
(fig. 201). 


: | 


ey 


j 


Two telephone dials are’ 


| 
i 


(3) The telephone dial on the C-1738/FRN- 
20 should be lubricated first. Loosen the 
two knurled thumbnuts that hold the 
front panel of the C-1738/FRN-20 in 
place and pull the front panel away 
from the unit. 

(4) Lubricate the telephone dial according 
to lubrication instructions in TM 11- 
2103. 

(5) Replace the front panel of the C-1738/ 
FRN-20 and tighten the two knurled 
thumbscrews. 

(6) Place circuit breakers K1003 and K1004 
in the ON position. 

(7) Loosen the two knurled thumbscrews 
that hold the front panel of the remote 
control unit (fig. 222) in place. Pull 
the front panel away from the unit. 

(8) Lubricate the telephone dial according 
to lubrication instructions in TM 11- 
2103. 

(9) Replace the front panel of the remote 
control unit and tighten the two knurled 
thumbscrews. 

(10) Connect the power cable for the remote 
control unit and the AM-1247/FRN-20 
to the 115-volt ac power source. 

g. Goniometer Motors (fig. 228). Electrical 
roniometer GO-12/FRN-20, serial numbers 604 
and below, have motors which require lubrication. 
oniometers with serial numbers 605 and above 
ave sealed motor bearings and require no lubri- 
ration. 


Warning: Dangerous voltages exist in the 
\CY-1899/FRN-22. Deenergize the cabinet be- 
fore removal of the goniometer chassis. 


(1) Disconnect the goniometer plugs and 
cables (fig. 16) and remove the chassis 
from the cabinet (par. 357). 


(2) Disconnect the motor wiring (fig. 30, 
228) and remove the four sets of mount- 
ing hardware holding the motor to the 
chassis. Remove the belt and the motor. 
Loosen the two pulley setscrews and re- 
move the pulley. Remove the eight cover 
screws, cover plates, spacers, and shims; 
be sure to keep parts associated with 
each endbell in correct sequence. 

(4) Clean bearings carefully with a brush 
and cleaning compound. Do not permit 
solvent to flow into the motor Dry with 
low pressure clean dry air. 

(5) Fill the bearing only (not the endbell) 
annually with Grease, Aircraft and In- 
strument, MIL—G-3278. Reassemble the 
shims, spacers, and cover plates. 

(6) Tighten the eight cover screws. Operate 
the motor to see that the armature ro- 
tates freely. 

(7) Mount the motor on the goniometer 
chassis and adjust the belt tension as 
instructed in paragraph 41. 

(8) Reconnect motor wires and reinstall the 
goniometer chassis in the CY-1899/ 
FRN-22. 

(9) Reconnect the goniometer chassis cables 
(fig. 16) and energize the equipment to 
test the motor operation. 

h. Items Lubricated by Manufacturer. Regu- 
lator motor B1,a part of Voltage Regulator CN- 
358/FRN-22, (fig. 269) and the goniometer and 
FM capacitor shaft bearings, part of Electrical 
Goniometer GO-12/FRN-20, have sealed bear- 
ings and require no additional lubrication. Se- 
quential timer S601 (fig. 251), a part of Radio 
Set Transfer Control C-1840/FRN-22, has oilite 
bearings and requires no additional lubrication. 
The keyer gears (fig. 235, a part of Keyer KY- 
175/FRN), have an electrofilm finish and require 
no additional lubrication. 
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CHAPTER 4 
TROUBLESHOOTING 


Section I. 


Warning: Extremely high voltages are pres- 
ent in all cabinets of the omnirange set at all 
times. Take adequate precautions during all 
troubleshooting to avoid contact with the cab- 
inet framework and exposed terminals, tube 
caps, and rf inductors. Use dry, insulated 
tools and test prods for all measurements. 


Make a thorough check to insure that all 


switches and circuit breakers are in the off po- 
sition before entering a cabinet. Discharge all 
capacitors and points which require personal 
contact, so that no voltage exists. If there is 
any doubt, shut down the omnirange set and 
turn off all circuit breakers. Prior to applying 
power, perform a thorough visual inspection to 
avoid shorts that could be caused by tools, 
wire clippings, wrong connections, and excess 
solder. Keep all station personnel well in- 
formed of existing conditions during trouble- 
shooting. Safety-wire the circuit breakers to 
OFF or remove the fuses when leaving the 
equipment site in a nonoperating condition. 


224. Visual Inspection of AN/FRN—22A 


Note. To observe the operation of components within 
the equipment cabinets, insert interlock jumper plugs 
into the female interlock switch contacts, located in the 
upper right-hand corner of the door opening. One inter- 
lock switch on each cabinet is for the cabinet heaters and 
one is for the cabinet blower. When inserting interlock 
jumper plugs, be sure to remain clear of the cabinet 


blower. 

Troubles are sometimes caused by defects that 
are easy to see. Such defects are listed in a 
through n below. Check as many of these as may 
apply to the troubleshooting problem before using 
more involved procedures. 

a. Tripped circuit breakers. 

6. Open or defective interlock switches on cabi- 
net doors and behind component front panels. 
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GENERAL TROUBLESHOOTING INFORMATION 


c. Blown fuses. 
d. Unlighted tube filaments or improper seat-/ 
ing of tubes. ; 
e. Loose connections to terminal boards. 
f. Improper seating of cable connectors. 
g. Worn or broken cables, cords, and wiring 
harnesses. | 
h. Dirty or burned relay contacts. 
z. Dirty or defective switches. 
j. Cracked or charred resistors. 
k. Bulging or leaking capacitors. | 
1. Blistering of paint or other signs of over-) 
heating on transformers, chokes, and motor cases. | 
m. Discoloration of the insulation on wires, 
relay armature windings, and windings of chokes 
and transformers. Under heavy overload, it is, 
possible for some wires to overheat and result in 
no visible evidence other than a slight discolora- 
tion of the insulation surrounding the wire. 
nm. Worn or broken goniometer drive belt. 


225. General Instructions 


Troubleshooting at field and depot maintenance 
levels includes all the techniques outlined for or: | 
ganizational maintenance and any special or ad: 
ditional techniques required to isolate a defective 
part. The field and depot maintenance proce:| 
dures are not complete in themselves but supple. 
ment other procedures described previously. The 
systematic troubleshooting procedure, which be: 
gins with the operational and _sectionalizatior 
checks at organizational level, must be completec) 
by sectionalizing, localizing, and isolating tech) 
niques. When the omnirange set is completelit 
shut down because of undetermined trouble, 1 
will be necessary to perform all the tests con. 
tained in paragraph 229 to determine whethe’, 
the troubleshooting chart in paragraphs 28° 
through 255 will help to locate the defective unit 


jOmit the steps given in paragraph 229 only when 
defective operation indicates that continued oper- 
ation will damage the equipment; instead, pro- 
eed with the test steps for the other equipment 
to determine its condition. If the trouble re- 
ported by organizational personnel indicates trou- 
ble due to defects common to both equipments, 
No. 1 and No. 2, use the procedures given in para- 
graphs 231 through 237 or paragraphs 248 
through 255. When one equipment is performing 
the normal functions of the omnirange set, apply 
the procedures given in paragraphs 238 through 
247 to the defective equipment. The completion 
pf procedures indicated in paragraphs 231 
through 255 will localize the trouble to a defec- 
jive component. The remaining sections of this 
thapter are provided for individual unit trouble- 
shooting by field and/or depot maintenance per- 
sonnel, to isolate the defective part of a specific 
tomponent. 


226. Troubleshooting Procedures for 
AN/FRN-—22A 


a. General. The first step in servicing a defec- 
jive omnirange set is to sectionalize the fault. 
Sectionalization means tracing the fault to a 
major component or group of components re- 
sponsible for abnormal operation. The second 
step is to localize the fault. Localization means 
racing the fault to a defective unit. The third 
itep is isolation, which means troubleshooting to 
jletermine the defective part within a stage. 
Visual inspection frequently isolates the trouble 
mmediately, because burned-out resistors or 
ireing and shorted transformers provide sight, 
mell, and hearing indications. Generally the 
jrouble must be located by using test equipment 
ind, in some cases, by equipment or part sub- 
ititution. 
| 6. Sectionalization. Sectionalization is the 
brocedure by which a trouble is traced to a par- 
ficular equipment or circuit such as: equipment 
0. 1 or No. 2, ac distribution, control, interlock, 
ransmitter or RF carrier, modulating, antenna 
nd phasing, or monitor and alarm circuits. The 
ests listed below are arranged to indicate the 
est order to use in sectionalized troubleshooting. 
(1) Prefailure reports. Contact the oper- 
ator and organizational maintenance 
personnel for a full report on equip- 
ment operation at the time of the fail- 
ure. Note any peculiarities which may 


have been noticed just prior to the fail- 
ure. Check the procedures completed 
by organizational personnel for possible 
clues to the trouble. Carefully observe 
any information contained on tags and 
report forms. 

Visual inspection. The purpose of vis- 
ual inspection is to detect faults quickly 
without test equipment and to prevent 
further damage to equipment by the ap- 
plication of power when shorts and 
overheated parts exist. When evidence 
indicates a short or overheated condi- 
tion, make a continuity check immedi- 
ately and correct the fault before 
applying power. 

(3) Operational tests. Operational tests ap- 
ply to all sections of this chapter and 
must include an overall visual inspec- 
tion immediately after power applica- 
tion. Each operational step of the 
charts will produce a normal indication 
if there is no defect present, and the 
absence of the normal indication im- 
mediately provides a clue to the defec- 
tive section. The charts provided in 
paragraphs 231 through 247 are based 
upon proceeding through operational 
functions until the defective section is 
located. 

ce. Localization. The tests listed below are 
used to follow the trouble to the specific unit or 
stage which is causing faulty operation. 

(1) Szgnal tracing. Signal tracing includes 
the tracing, unit by unit or stage by 
stage, of a signal voltage from the input 
of one unit or stage to the output of 
the same unit or stage to locate the 
point of failure. If a normal signal is 
present at the input but fails to meet 
requirements at the output, the unit or 
stage is defective. 

(2) Voltage and resistance measurements. 
Voltage and resistance measurements on 
the interconnecting wiring between com- 
ponents further help to localize troubles 
in relation to components. The lack of 
signal between components may _ be 
caused by shorted or open interconnect- 
ing cables. 

(3) Unit substitution. In emergencies and 
when permitted by the officer in charge, 
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the substitution of components of known 
quality will expedite getting the omni- 
range set into operation. This proce- 
dure should be used only when voltage 
and resistance measurements positively 
show that there are no external faults 
that will damage the substitute. 

d. Isolation. Isolation of the component part 
of a component which is defective is outlined 
below. 

(1) Signal tracing. Further tracing of sig- 
nal voltages within the unit is accom- 
plished through use of test setups on the 
bench. The application of a signal to 
the input permits following the signal 
until the defective part is located. This 
procedure may be used while the com- 
ponent is connected in the equipment; 
however, because of space limitations it 
normally will be done on the bench. 

(2) Voltage and resistance measurements. 
Use voltage and resistance measurements 
to locate the defective part and estab- 
lish the type of part defect. Certain 
parts which become defective may 
weaken or damage other parts. A 
shorted capacitor can overload an asso- 
ciated resistor or inductor, and an open 
resistor or inductor may cause the volt- 
age maximum of other parts to be ex- 
ceeded. Normal values of voltage and 
resistance are listed in charts and figures 
as aids in troubleshooting. 

(3) Stage-gain chart. Stage-gain charts are 

provided, where applicable, to assist in 
the isolation of weak signal troubles and 
minor losses in a stage. Procedures for 
performing stage-gain checks are aN 
enced in the chart. 
Troubleshooting chart. Troubles are 
listed in these charts in a sequence that 
will isolate a trouble in large sections 
first and work down to the specific part. 
Signal substitution. Signal substitution 
is used to isolate the defective stage 
when circuit characteristics prevent sig- 
nal tracing or stage-gain checks. Com- 
plete information for the use of a signal 
generator, audio oscillater, and oscillo- 
scope, as applicable, are contained in the 
sections as required. 
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e. Locating Intermittent Troubles. During all | 
troubleshooting procedures, the possibility of in- | 
termittent troubles should not be overlooked. If | 


frequent causes of intermittents. 


227. Tube Testing and Replacement 


When trouble occurs, make a visual inspection | 
of the equipment (par. 224) and then use th 


localize the trouble. If a tube tester is available, 
proceed as outlined in a below. If no tube tester’ 


if these procedures fail to clear the trouble, 
notify a higher echelon repairman. 


Cautions: a 
1. Do not rock or rotate a tube when remov- i 
ing it from a socket; pull it straight out witha | 
tube puller. ¢§@ 
2. When a tube is replaced, readjust or re- | 
tune the associated circuit. Refer to a 1 


adjustment or tuning pidectaael 
Notes. 


ferred types. For example, do not use a 6AU6 (nonpre 
ferred) to replace a6AU6WA (preferred). - 
2s Paragraph 228 lists the nonpreferred type tubes i 
used in this equipment, that can be replaced by the cor- | 
responding preferred type tubes, - 
a. Using Tube Tester. | 
(1) Remove and test one tube at a time. if 

it is necessary to remove more than one 
tube at a time, label each one so that |} 

it can be replaced, if satisfactory, in its 3 | 
original socket. 7 
(2) Replace a tube only when there is j | 
obvious defect, such as a broken glass | 
envelope, open filament, broken lead or 
connecting prong, or hell a test,in a | 
tube tester or other equipment chow | 
the tube to be defective. | 
(3) Do not discard a tube merely boca 


limit of the tube tester. Some 1 new tubes ' 
test near the low end of the acceptable 
range of the tube specification. These | 


tubes provide satisfactory service over 
a long period of time, even though they 
remain at, or near, this low Hmit value. 

(4) Do not discard a tube merely because 
it has been in use for a specified length 
of time. Satisfactory operation in a 
circuit is final proof of tube quality. 

b. Single-tube Substitution Method. 

(1) Substitute a new tube for one of the 
suspected original tubes. If the equip- 
ment continues to be inoperative, re- 
place the new tube with the original. 
Similarly, check each original tube sus- 
pected, one at a time, until the defective 
tube is located and the equipment be- 
comes operative. Discard the last 
original tube removed from the equip- 
ment. DO NOT LEAVE A NEW 
TUBE IN A SOCKET IF THE 
EQUIPMENT OPERATES SATIS- 
FACTORILY WITH THE ORIGI- 
NAL TUBE. 

(2) If this method of tube substitution does 
not correct the trouble, try the method 
described in ¢ below. 

| oc. Multitube Substitution Method. If two or 

| more tubes are defective in a piece of equipment, 

| it is necessary to install new tubes, one at a time, 
| until the equipment becomes operative. Proceed 
jas follows: 

(1) Remove one of the suspected original 
tubes. Install a new tube. If the equip- 
ment is still inoperative, leave the new 
tube in place and remove the next sus- 
pected original tube. Install another 
new tube. Mark the original tubes with 
the socket number from which they were 
removed. Continue this procedure un- 
til the equipment becomes operative. 
The last original tube removed is de- 
fective and should be discarded. 

(2) To determine whether another original 
tube is defective, return one of them to 
its original socket. If there is no no- 
ticeable difference in performance, leave 
the original tube in the equipment. In 
the same way, return the remaining 
original tubes to their sockets, one at a 
time. If equipment failure occurs, or 
performance suffers, discard the last 
original tube installed. DO NOT 


LEAVE A NEW TUBE IN A 
SOCKET IF THE EQUIPMENT OP- 
ERATES SATISFACTORILY WITH 
THE ORIGINAL TUBE. 


228. Preferred Type Tubes 

The chart below lists the authorized preferred 
type tubes that can be used to replace the cor- 
responding nonpreferred type. 


Nonpreferred-type tube Preferred-type tube 


GI89/IZAUGW ALS a ree ae ee 5814A 

ES A oe ei ee 5749/6BA6W 
BOF sass hehe ee eo ee ee eee ae 5933 
6100/6C4W ALS. 223. eee 6C4W 

6681 /1T2AX Tee) ee ee 5751 


229. Preliminary Tests for Inoperative Radio 
Transmitting Set AN/FRN-22A 


The information in this paragraph will help 
to determine whether one equipment can be 
placed on the air as a navigational station while 
the other equipment is being repaired. If the 
fault exists in the circuits common to both equip- 
ments (control, antenna, monitoring and alarm 
circuits, or voice-modulating signal circuits), the 
station must be repaired from an out-of-service 
condition. If the fault exists in components used 
in one equipment only, however, the other equip- 
ment should be placed in operation while trouble- 
shooting the faulty equipment in accordance with 
paragraphs 238 through 247. 

a. Determining Procedure. Perform the pro- 
cedures given in this paragraph to determine 
whether the troubleshooting procedures in para- 
graphs 231 through 255 will be used. Perform a 
complete visual inspection of all the cabinets in 
accordance with instructions in paragraph 224. 

b. Preliminary Tests. Use the charts below 
when performing preliminary tests before start- 
ing the actual troubleshooting procedures. The 
charts give the locations at which the actions 
are to be performed. Use the omnirange site 
chart (c¢ below) first. After the locations for 
the omnirange site have been checked and any 
abnormal indications corrected, use the remote 
control point chart (d below). To simplify the 
procedures, information for checking transmit- 
ting equipment No. 1 and transmitting equip- 
ment No. 2 has been combined in both charts. 
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Unless otherwise indicated, this information ap- 
plies equally to both transmitting equipments. 


Correct any defective units by following the ce. Chart for Omnirange Site. | 
Step Component Action Normal indications Corrective measures | 
1 | Antenna pedestal Set circuit breaker 
(fig. 201). K1001 to ON. 
2 | Antenna pedestal__-__- Set circuit breaker When the temperature Check fuse F1001 (fig. 8). I 
K1015 to ON. in shelter is above Check wiring from antenna ped- | 
85° F., the shelter estal to shelter blower. 1 
blower will operate. Check thermostat $1003 (fig. 8). | 
When the temperature Check fuse F1 on motor mount- | 
in any of the four ing bracket (fig. 29). i. 
electrical equipment Check seating of blower motor | 
cabinets is above power plug (fig. 35). | 
90° F., the blower in Check blower thermostat in cabi- | 
that cabinet will net (fig. 225). { 
operate. | 
When the temperature Check wiring to heater elements — 
in any of the four (fig. 16). 4 
electrical equipment Check heater thermostat in cab- | 
cabinets is below inet (fig. 225). i 
55° F., the heaters in - 
that cabinet will | 
operate. t 
3 | Voltage regulator___-__- Set circuit breaker K1 Red pilot lamp lights If pilot lamp does not light | 
to ON. and ac meter reads and there is no indication on | 
230 volts. meter, check fuses Fl and F2. | 
(fig. 269) and wiring from — ; 
antenna pedestal to voltage ff 
regulator (fig. 16). i 
If pilot lamp does not light but 
meter reading is normal, check f 
fuse F4 and pilot lamp (fig. © 
268). 
If pilot lamp lights but meter 
reading is abnormal, adjust 
_voltage regulator (par. 34). 
4 | Antenna pedestal__-____ Set circuit breaker Body of antenna is Check wiring from antenna ped- — 
K1002 to ON. warm to the touch estal to antenna heaters (fig. — 
after sufficient time 16). 
for antenna heaters 
to warm up. 
5 | Antenna pedestal______ Set circuit breaker 
K1003 to ON. 
6 | Antenna pedestal______ Set circuit breaker 
K1004 to ON. 
7 | Monitor (fig. 32)______ Set ON-OFF switch to Green POWER pilot Check fuse F1. | 
ON. lamp lights. Check seating of power cable — 
plugs. 
Check pilot lamp. 
Three red pilot lamps, Check pilot lamps. =| 
designated ALARMS, | Check contacts on relays RY2, | 
light. RY3, and RY4 (fig. 220(4)). 
8 | Antenna pedestal______ Set circuit breaker K1005 | Shelter lights light______- Check light bulbs. 
to ON. 4h) 
9 | Antenna pedestal______ Set seul breaker K1006 | Obstruction lights light___| Check light bulbs in obstruction — 
to ; 
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procedures given in the appropriate section of | 


chapter 5. 


light. 

Check wiring from antenna ped- ~ 
estal to obstruction light (fig 
16). 


1 11 
| 12 


i 13 


| 14 


| 15 


16 


Component 


Antenna pedestal---- _- 


Antenna pedestal-_- -- -- 


Antenna pedestal___- _- 


PP-1331/FRN-20 (fig. 
242). 

C-1738/FRN-20 (fig. 
13). 


C-1738/FRN-20- ----- 


Meter pariel (fig. 232) __ 


17 | C-1738/FRN-20- - ---- 


Action 


Set circuit breaker K1007 
to ON. 


Set circuit breaker K1011 
to ON. (Transmitting 
equipment No. 1 only). 

Set circuit breaker K1012 
to ON. (Transmitting 
equipment No. 2 only). 

Set ON-OFF switch to 
ON. 

Set LOCAL-REMOTE 
switch to the LOCAL 
position. 

Dial 9 for transmitting 
equipment No. 1 or dial 
7 for transmitting 
equipment No. 2. 


Turn LINE switch to 
EQUIPMENT NO. 1 
or EQUIPMENT NO. 
2. 

Dial 8 for transmitting 
equipment No. 1 or 6 
for transmitting equip- 
ment No. 2. 


Normal indications 


Convenience outlets are 
supplied with 115 volts 
ac. 


Minor switch K201 (fig. 
247) makes clicking 
sound as it operates the 
number of times: cor- 
responding to number 
dialed. 


Antenna relays on 
antenna pedestal make 
loud click as they 
operate. (Transmit- 
ting equipment No. 1 
only). 


Green EQUIPMENT 
NO. 1 pilot lamp 
lights. 

On the meter panel, 
VOLTS meter indicates 
115 volts ac and FRE- 
QUENCY meter indi- 
cates the frequency of 
the main ac power sup- 
plied to the omnirange 
set. 


Goniometer motor oper- 
ates. 


Corrective measures 


Check wiring to convenience 
outlets. 


Check fuses F1201 and F1202 on 
the PP-1415/FRN-22 (fig. 
245). 

Check seating of power cable 
plugs on the PP-1415/FRN-22 
(fig. 16). 

Check TB1202 on the PP-1415/ 
FRN-22. 

Check the seating of plugs P803 
and P804 on the C-1738/ 
FRN-20. 

Check antenna relays. 

Check the wiring at terminals 3 
and 4 of TB801 and terminals 
9 and 10 of TB802 in the 
CY-1897/FRN-22 (fig. 225(1)). 


Check pilot lamp. 


Check the seating of plugs P813, 
P823, and P824 on the RE- 
247/FRN-22 (fig. 16). 

Check wiring to TB1901 on meter 
panel. 

Check contacts of relay O 402 in 
the RE-247/FRN-22 (fig. 263). 
(Transmitting equipment No. 
1 only). 

Check contacts of relay O 404 in 
the RE-247/FRN-22. (Trans- 
mitting equipment No. 2 only). 

Check the seating of the plug in 
receptacle J902 on the O-371/ 
FRN-20 (fig. 16). 

Check contacts on relay K901 on 
the O-371/FRN-20 (fig. 211). 

Check fuse F1 on the goniometer 
(fig. 30). 

Check seating of plug P1803 on 
the goniometer (fig. 16). 
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Step 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 
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Component Action 


Set the meter switch to 
the HIGH VOLTAGE 
position. 


Transmitter (fig. 13)__- 


Set the meter switch to 
the OSC PLATE posi- 
tion. 


‘Transmitter! = sae) 5s. 


Set the meter switch to 
the 1ST AMP GRID 
position. 


FHPANSMILt Ceres anenn sts 


Turn meter switch to 
1ST AMP... PLATE 
position. 

Turn meter switch (fig. 
36) to 2ND AMP 
GRID position. 


Dransmittenss se. =e 


MEansmittensae == 2 se 


Turn meter switch to 
2ND AMP PLATE 
position. 

Transmitter__._._.._..._.| Turn meter switch to 

FINAL AMP GRID 

position. 


‘Eransmitterscs == eae 


Tratismitters2. i623. Turn meter switch to 
FINAL AMP SCRN 
position. 

Turn meter switch to 
FINAL AMP TOTAL 


position. 


Transmitters... 2c. oe 


Transmitter. os es. 2244 Turn meter switch to 
MOD TOTAL posi- 
tion. 

Turn meter switch S2 
(fig. 237) to the 
LIMITER CATH- 
ODE position. 


Modulation eliminator_ 


Normal indications 


Approximately 30 seconds 
after dialing 8 or 6 in 
step 17 above, the me- 
ter indicates a mini- 
mum of 500 volts. 


Meter indicates 8 to 10 
milliamperes (ma). 


Meter indicates 1 to 1.6 
ma. 


Meter reads 24 to 32 ma_ 


Meter indicates 1.4 to 3 
ma. 


Meter indicates 30 to 54 
ma. 


Meter indicates 7 to 10 
ma. 


Meter indicates 20 to 27 
ma. 


Meter indicates 180 to 
220 ma. 


Meter indicates approxi- 
mately 70 ma (55 ma 
unmodulated). 

Meter indicates approxi- 
mately the same as the 
indication recorded 
during initial adjust- 
ments (par. 46). 


Corrective measures 


Check the seating of plugs P1806 
and P1807 (fig. 16). i 
On PP-1331/FRN-20 make the 
following checks: 
Check fuses F1, F2, F4, and 
F5 (fig. 242) 2 
Check tubes V1, V2, and v4 | 
(fig. 243 and par. 226). | 
Check thermal relay $3 and | 
relays S4 and S65 (fig. 242). 
Check adjustment of Re Hy 
(par. 82b). 
Check wiring to TB1. 
Check wiring to terminal El. 
Check tube V1 (fig. 243). 
Check crystal Y1. 
Check fuse F3 on PP-1381/ 
FRN-20 (fig. 242). 

Check tube V3 on PP-1331/_ 
FRN-20. 
Check tube V2. ; 
Check adjustment of OSC. 

PLATE tuning control (fig. 
36). | 
Check V2. 4 


Check adjustment of 1ST AMP | 
PLATE tuning control val ! 
39). 

Check adjustment of R5 on Pp- 
1331/FRN-20 (par. 39). 

Check tube V3 (par. 121). 

Check adjustment of EXCITA- - 
TION CONTROL (par. 39). H 

Check adjustment of 2ND AMP ' 
PLATE tuning control (par. 
39). 

Check adjustment of EXCITA- 
TION CONTROL (par. 39). 

Check V4. 


Check adjustment of FINA 
AMP GRID tuning contr 
(par. 39). 

Check adjustment of FINAL 
AMP PLATE tuning control 
(par. 39). 

Check adjustment of ANTEN NA 
LOADING control (par. 39). | 

Check V4. ’ 

Check V5, V6, V7, and V8 

(fig. 19). 

Check fuse F1. 

Check seating of plugs P1, P1804, 
and P1805 (fig. 16). 

Check tube V4 (fig. 18). 

Check tube V2. 

Check relay K1 (fig. 237). 


Meter panel 


Modulation eliminator- 


Modulation eliminator _ 


Meter panel (fig. 232) _- 


Meter panel - _. 


Action 


Turn meter switch to 
FINAL AMP PLATE 
position. 


Turn meter switch to 
DIODE LEVEL posi- 
tion. 


Observe indications on 
the FREQUENCY 
and VOLTS meters. 


Set the CURRENT 
switch to the EQUIP- 
MENT NO. 1 
DRIVER TOTAL 
position or the 
EQUIPMENT NO. 2 
DRIVER TOTAL 
position. 


Set the CURRENT 
switch to EQUIP- 
MENT NO. 1 AMP 
TOTAL position or 
EQUIPMENT NO. 2 
AMP TOTAL posi- 
tion. 


Normal indications 


Meter reads approxi- 
mately the same as the 
indication recorded 
during initial adjust- 
ment (par. 46). 

Meter reads approxi- 
mately the same as the 
indication recorded 
during initial adjust- 
ment (par. 46). 

Approximately 60 sec- 
onds after dialing 8 or 
6 in step 17 above, the 
VOLTS meter indi- 
cates 115 volts ac and 
the FREQUENCY 
meter indicates the 
output frequency of 
PP-1329/FRN-20 for 
the goniometer motor. 

CURRENT meter indi- 
cates approximately 
80 ma. 


CURRENT meter indi- 
cates approximately 
120 ma. 


Corrective measures 


———_— | ————_— | | | SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsFFFMMSSees 


Check tube V1. 
Check tube V2 for gas. 


Check V3. 
Check V1. 


Refer to steps 32 and 33 below. 


On PP-1329/FRN-20, make the 
following checks: 

Check fuses F1401 through 
F1404 and F1408 through 
F1410 (fig. 240). 

Check relays K1401 and 
K1402 (fig. 239). 

Check thermal relay $1401. 

Check V1403. 

Check seating of plug P1808 


(fig. 16). 
On the AM-1246/FRN-20 (fig. 
206), make the following 
checks: 


Check tubes V2 and V3. 
Check seating of plugs in 
receptacles J3 and J4. 

On the PP-1329/FRN-20, make 
the following checks: 

Check fuse F1411 (fig. 239). 
Check tubes V1401 and 
V1402 (fig. 240). 

Check the wiring to terminals 
E1801 and £1802 in the CY- 
1899/FRN-22 (fig. 16). 

Check the wiring to terminals 
E1902 and E1906 in CY- 
2274/FRN-22A. (Transmit- 
ting equipment No. 1 only.) 

Check the wiring to terminals 
E1901 and E1905 in the CY- 
2274/FRN-22A. (Transmit- 
ting equipment No. 2 only.) 

On the AM-1246/FRN-20, make 
the following checks: 

Check connections to plates 
of V4 and V5 (fig. 206). 
Check V1, V4, and V5. 
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Step 


33 


34 


35 


36 
37 


38 
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Component Action 

Meter panel—Con. 

Monitor (fig: 32) 2.2... Observe the three red 
pilot lamps, designated 
ALARMS. 

IWGONICOT Meets ht Je 92 to: Set the LEVEL switch to 
the INPUT position. 

Monitor: Sesh ee ect Set the LEVEL switch to 
the REF position. 

Moni LOTS t.ho. AHS” Set the LEVEL switch to 
the VAR position. 

Monitor. 33 e256 bee a Hold the TEST switch in 


the REF position and 
note the amount of 
pointer deflection on 
the COURSE RELAY 
meter. 


Normal indications 


Three red alarm pilot 
lamps are out. 


LEVEL METER indi- 
cates 100 percent. 


LEVEL METER indi- 
cates 100 percent. 

LEVEL METER indi- 
cates 100 percent. 


Corrective measures iy 


On the O-371/FRN-20, make the 
following checks: | 
Check fuses F901 and F902 | | 
(fig. 213). | 
Check thermal relay K902. 
Check V901 through V906. 
Check seating of plug in. | 
receptacle J901. | 

If the three red alarm pilot lamps _ 
are lighted, make the following | 
checks: { 

Check the seating of plugs. ! 
P9 and P802 (fig. 16). 

Check V2, V10, and V19 (fig. | 
219). } 

Check the seating of plug | 
P401 on RE-247/FRN- 220 | 
(fig. 16). 

Check the seating of plug 
P10 and P11 on the’ 
AN/FRA-14 (fig. 16). 

Check V1 in the AN/FRAGH 
14 (fig. 204). 

If REFERENCE and COURSE | i 
pilot lamps are lighted, check | 
V1, V6, and V17 (fig. 219). | 

If VARIABLE and COARSE | 
pilot lamps are lighted, cheaia i 
V3, V7, and V16. i 

If COURSE pilot lamp only is} 
lighted, make the following | 
checks: i 

Make sure that personnel, | 
vehicles, or other objects | it 
which may affect the pat- | 
tern radiated from the | 
antenna are not in the | 
immediate vicinity of the E 
AN/FRA-14. i 

Check V4, V5, V8, Vidm | 
V12, V15, and Vi8. 

Check all RF cables for loose q 
or defective connectors. _| 

Check V2 in the modulation 4 
eliminator (fig. 238). | 

Check V13 and V14 (fig. 219). 

Check V1 in field detector (fig. 
204). 

Check V2. 


Check V2 (fig. 219). 


Component Action 


meeMonitor.—--...-.--_.- Manually hold relay RY1 
(fig. 220(4)) in the 
energized position and 
hold TEST switch in 
VAR position. 

Dial 5. 

Hold TEST switch in the 
REF position until the 
three red pilot lamps, 
designated ALARMS, 
light. 


40 | C-1738/FRN-20_-_-___- 
Sree Vonitor: 22550 Sua 


See Monitor... ._..2.-.=.-- Five minutes after per- 
forming step 41 above, 
hold TEST switch in 
the VAR position until 
the three red pilot 
lamps, designated 


ALARMS, light. 


143 | C-1738/FRN-20_ _-___- Five minutes after per- 
forming step 42 above, 
dial 10. 

Place LOCAL-REMOTE 
switch in REMOTE 
position. 

Turn circuit breaker 
K1005 to OFF. 

(Leave all other circuit 
breakers in the ON 


position.) 


144 | C-1738/FRN-20_____- 


'|45 | Antenna pedestal___-__--_ 


Normal indications 


Pointer on COURSE RE- 
LAY meter deflects the 
same amount (but in 
opposite direction) as 
in step 38 above. 


Transmitting equipment 
is turned off. 


After approximately 90 
seconds, meters on 
transmitting equip- 
ment No. 1 show an 
indication and green 
EQUIPMENT NO. 1 
pilot lamp lights. 

After approximately 24 
minutes, red _ pilot 
lamps, designated 
ALARMS, go out. 

Transmitting equipment 
No. 1 is turned off. 

After approximately 90 
seconds, meters on 
transmitting equip- 
ment No. 2 show an 
indication. 

After approximately 24 
minutes, red pilot 
lamps, designated 
ALARMS go out. 

Transmitting equipment 
No. 2 goes off. 


Shelter lights go out. 


time ee tennessee did dstelanntldeentibme ss 


Corrective measures 


Check adjustment of R37 (par. 
53). 


On the C-1840/FRN-22, make 
the following checks: 
Check fuse F601 (fig. 251). 
Check seating of plugs 
P801, P819, and P820 
(fig. 16). 
See items 10 and 11 on chart in 
paragraph 236c. 


See items 10 and 11 on chart in 
paragraph 236c. 


See items 10 and 11 on chart in 
paragraph 236c. 

See items 10 and 11 on chart in 
paragraph 236c. 


See items 10 and 11 on chart in 
paragraph 236c. 


207 


d. Chart for Remote Control Point. 


Step Component 


Action 


1 | Remote control cabinet 
(fig. 16). 


2 | Remote control unit___ 


3 | Remote control unit___ 


4 | Remote control unit___ 


5 | Remote control unit___ 


6 | Remote control unit. __ 


7 | Microphone 


8 | Remote control unit___ 


9 | Remote control unit___ 
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Connect the power cable 
to a 115-volt ac outlet. 


Set ALARM SELEC- 
TOR to down position. 

Dial 9 for transmitting 
equipment No. 1 or 7 
for transmitting equip- 
ment No. 2. 


Place ALARM SELEC- 
TOR in center position. 


Dial 8 for transmitting 
equipment No. 1 or 6 
for transmitting equip- 
ment No. 2. 


Wait 90 seconds after di- 
aling 8 or 6 in step 5 
above. Then set 
ALARM SELECTOR 
in the up position. 

Alternately press and re- 
lease the press-to-talk 
bar. 


Dial 10 to turn the equip- 
ment off. 


Place the ALARM SKE- 
LECTOR in the down 
position. 


Normal indications 


Alarm buzzer sounds if 
the ALARM SELEC- 
TOR on remote control 
unit is in any position 
except the down posi- 
tion. 


Alarm buzzer is silenced__ 


Alarm buzzer sounds 


Amber TRANSMITTER 
ON pilot lamp lights. 
Alarm buzzer is silenced 
and amber TRANS- 

MITTER ON pilot 
lamp remains lighted. 

Alarm buzzer remains 
silent and amber 
TRANSMITTER ON 
pilot lamp remains 
lighted. 

Green VOR ON pilot 
lamp lights and the 
alarm buzzer remains 
silent. 


Green VOR ON pilot 
lamp goes out when 
the press-to-talk bar 
is pressed. 


Alarm buzzer sounds and 
green VOR ON pilot 
lamp goes out. 

Alarm buzzer is silenced. 


Corrective measures 

On remote control unit, make 
the following checks: D 
Check seating of plug P% 
(fig. 16). 
Check fuse F501 (fig. 222). 
Check buzzer 1502. ae 
Check the contacts on re- | 
lays 0501 and 0502. 
Check the contacts on the 
ALARM SELECTOR 
switch. 
Check the contacts on the 
ALARM SELECTOR switch, 
Check wiring to terminals 1, 2, 
and 10 of E501 (fig. 16). ; 

Check contacts on the ALARM 
SELECTOR switch. fi 
Check the contacts on 
0502 (fig. 222). 

Within the shelter, make t 
following checks: 4 
Check the wiring to ter- | 
minals 1 and 2 of TB8 
in the CY-1897/FRN- 

(fig. 16). 
Check wiring to E201 on t 
C-1738/FRN-20 (fig. 16 
Check adjustment of R2 
in the C-1738/FRN- 
(par. 36). 

Check adjustment of R9 o 
the 


relay || 


Check pilot lamp. 


_ Check pilot lamp. 
Refer to the chart for omnirang 
site. 


Check seating of plug in M 
CROPHONE receptacle 0: 
remote control unit. 

Check switch in microphone. 

Check relay 0501 (fig. 222). 


e. Use of Proper Procedures. After both 
equipments have been checked for proper opera- 
tion, and if either one can be used as a naviga- 
tional facility, refer to paragraphs 238 through 
947 and troubleshoot the faulty equipment; use 
the equipment test switches. If neither equip- 
ment can be put into operation, refer to para- 
graphs 231 through 237 and troubleshoot the 
equipment; use the starting procedure. 

f. Remote Control Point Procedures. If both 
equipments operate by dialing at the omnirange 
site only, the fault exists in the remote control 
circuit. 

(1) Refer to paragraph 386g and A and 
measure the loop resistance of the tele- 
phone line. 

(2) Set the LOCAL-REMOTE switch in 
the REMOTE position and instruct the 


operator to hold the dial on the remote 
control unit in the cocked position. 
Measure the voltage across the coil of 
relay O 202; it should be 10 to 14 volts. 
If no voltage is present, check rectifier 
CR201 and resistors R201 and R202 in 
the C-1738/FRN-20 (fig. 246). If these 
parts are functional, troubleshoot the 
remote control unit (pars. 382-390). 


230. Test Equipment Required for Trouble- 
shooting AN/FRN-22A 


a. Test Equipment. The following chart lists 
test equipment required for troubleshooting Ra- 
dio Transmitting Set AN/FRN-22A, the asso- 
ciated technical manuals, and the assigned com- 
mon names. 

b. Test Equipment Chart. 


Test equipment 


Technical manual Common name 


Spectrum Analyzer TS—723/U_..-.--_.-------------- ™ 
mea) Oscillators De-382A/U 26.22 =. .---_------------ ™ 
| Directional Wattmeter, Thru-line Model 43 (Bird | __-- 
Electronics Corp., Cleveland, Ohio). 
Electronic Multimeter TS—505/U______-------------- ™ 
Frequency Meter AN/URM-32.-_------------------ T™ 
Sememency Méter FR-67/U_ 22. .2--2---------------- TM 
Ree aren 50/M) ejae fbb ete dL fh --- 
Seterer iH —77/U___ aera tb. -.------------ TM 
Wscilloscope, DuMont Type 2559A_____-------------|----- 
My 1240/2 2 ------|----- 
teen Wattmeter AN/URM-43A-2_-__-___------------ T™ 
RF Signal Generator Set AN/URM-25____----------- T™ 
aeienal Generator SG—13/ARN__.._--_--------------- TM 
Same thes Test sete L V—2/U...--4 22 ab - a+ TM 
Senn Tube Lest Set TV—7/U_.....2.-.----------- TM 
Semrapment Ti—113_._....-..-..-------------- SIG 
meimeter, Meter ME-30A/U______-___------------- TM 


maeld Detector (Portable, CAA 2943)..______._-------]|----- 
Metincor MD-S3A/ARN_iice-2_-...--------------|+=*-- 


11-5007 od beers. gre Spectrum analyzer. 
LIS2684 A. oe a ee eee AF oscillator. 
ea en eS Aye Ss ie SS Line wattmeter. 
11-5)19 ore eee ees vtvm. 

1122512023 eo] ee Ee AN/URM-32. 
11269088. be 425g ee ie FR-67/U. 

a 2S OOP PN TURIN EN Gram gage. 
11-6625—203-12___._______-_ Multimeter. 
seeded. ove ee ie Oscilloscope. 
[1513S eee een Load wattmeter. 
155518. 22202 ee AN/URM-25. 
115556820 ll eee SG-13/ARN. 
1LI=266 1s: seee ee ee TV-2/U. 

11=50838.) 235 Bee ee TV-7/U. 

6° TH=113 0-2) ee eee Tool kit. 

1G Ass 2a a oe ep eee Ta Bi. AF vtvm. 
ap fo ee Field strength meter. 
Bes 0) thy ee ee ee vor modulator. 


c. Equipment and Supplies. Additional equip- 
ments and supplies required for troubleshooting 
are listed in the applicable sections. Power sup- 
plies shown are either units removed from the 
omnirange set or from spare stock and tested in 


accordance with instructions contained in chap- 
ter 6. It is not feasible to patch in other types 
of power supplies to energize a component for 
troubleshooting. 
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Section Il. 
231. 


Instructions in this section are to be followed 
when both equipments are inoperative, as deter- 
mined in paragraph 229 or by operating per- 
sonnel. If either equipment can be used as a 
navigational facility, proceed to paragraph 238 
through 247. 


General Troubleshooting Instructions 


232. Scope of Troubleshooting by Starting 
Procedure 


The starting procedure method of trouble- 
shooting is used when the complete station is in- 
operative. 
a component common to both transmitting equip- 
ments, but could be caused by trouble in each 
equipment. This method of troubleshooting 
should be used only until one equipment has been 
repaired and can be placed on the air as a navi- 
gational station. The purpose of this section is 
to sectionalize the fault to the responsible circuit 
as quickly as possible. 


233. Troubleshooting Reference Data 
The following data will be helpful to the 


maintenance man using the troubleshooting 
charts in this section: 
Reference Data 
126i, PRB = ae Fuses. 
leave, PRB Interlocks. 
LO Cs eee Radio Transmitting Set AN/FRN-22A, 


cording diagram. 


Ratings 
Fuse reference Component Reference Protected circuit 
designation (fig. No.) 
Volts Amp 
BeBe mate. Modulation Eliminator MX-1843/FRN- 31 250 | 1 Power transformer B/T1. 
20. 
G/FVs. Jes. Electrical Goniometer GO-12/FRN-20___ 30 250 | 0.8 (time Goniometer motor C/B1. 
lag) 
£59) 0 ae Audio Frequency Oscillator O-373/FRN _ 25 | 250 | 2 : Power transformer E/T2. 
1) Dae Cee Electrical Equipment Cabinet CY- 1897/ 29 250 | 3 (time Blower motor B1801. 
FRN-22 (inside blower housing). lag) 
Pl oe ae No. 1 Electrical Equipment Cabinet CY- 29 250 | 3 (time Blower motor B1801. 
1899/FRN-22 (inside blower housing). lag) 
dB, Sethe riety No. 2 Electrical Equipment Cabinet CY- 29 250 | 3 (time Blower motor B1801. 
1899/FRN-22 (inside blower housing). lag). i 
OA ae Relay Assembly RE-247/FRN-22...____ 263 250 | 1 Filament transformer H/T1 in |} 
Antenna Group AN/FRA-14. 
501 see Radio Set Control C-1739/FRN-20._____ 222 250 ull Power transformer T502. 
NOOU eke eae - Transfer Control C-1840/ 28 | 250 | 0.25 Motor of sequential timer S601. 


This symptom usually is caused by- 


TROUBLESHOOTING BASED ON STARTING PROCEDURE 


Reference 
Fig. 148802 ae Radio Transmitting Set AN/FRN-22A, 
ac power distribution, schematic dia- | 
gram. | 
Fig. 1502238 Interlock and protective circuits, sche- | 
matic diagram. | 
Fig: 151-222 Dialing function No. 9, schematic dia- | 1 
gram. t 
Figsls22. ee Dialing function No. 8, schematic dia- | 
gram. i 
Figh 153. se see Dialing function No. 7, schematic dia- | 
gram. | 
Nig, 1642.52. Dialing function No. 6, schematic dia- | 
gram. 1 
Figs loogee === Radio Transmitting Set AN/FRN-22A, | | 
control circuits, schematic diagram. | 
Fig. 25892-3442 Modulating signal circuits, schematie | 
diagram. t 
Pigh 208 seo sue Electrical Equipment Cabinet CY-1897/ | | 
FRN-22, wiring diagram. | 
Fig.299 223 toe Electrical Equipment Cabinet CY-1899/ | i 
FRN-22, equipment No. 1 wiring { 
diagram. i] 
Pigg 3002o--2 ee Electrical Equipment Cabinet CY-1899/ iq 
FRN-22, equipment No. 2 wiring | 
diagram. t 
Figes0leeee.3 Electrical Equipment Cabinet Cy-2274), 
FRN-22A, wiring diagram. } 
Figs30222255-— Electrical Eqdigivene Shelter S- 120 | 
FRN-22, wiring diagram. 

Rigx30s2os ee Intercabinet wiring harness W19, wiring | 
diagram. | 

pes 

a. Fuses. The following table lists all fuses, 


in the omnirange set, their reference designations, | i 
ratings, the components in which the fuses are | 
located, the circuits protected, and the applicable | | 
figure muha | 


; | 
Date ; \ 


| Fuse reference 
designation 


IF 1406____- 


IL/F501___- 


Component 


Audio Frequency Oscillator O-37 
20. 


1/FRN- 


Audio Frequency Oscillator O-371/FRN- 


20. 
Power Supply PP-1415/FRN-22 
Power Supply PP-1415/FRN-22 


Power Supply PP-1329/FRN-20 
Power Supply PP-1329/FRN-20 
Power Supply PP-1329/FRN-20 
Power Supply PP-1329/FRN-20 


Power Supply PP-1329/FRN-20 


Course Monitor MX-1837/FRN-20__- _- 
Audio Frequency Amplifier AM -—1247/ 


FRN-20. 


Voltage Regulator CN-358/FRN-22_-___-_ 


Voltage Regulator CN-358/FRN-22--_-_-- 


Voltage Regulator CN-358/FRN-22_-_-_- 


Voltage Regulator CN-358/FRN-22----- 
Voltage Regulator CN-358/FRN-22. ---- 


IWevershey—1 (oH INeen 2 ae a = = 


IM/F1001___| Propeller Ventilating Fan HD-244/FRN- 


22 (on shelter roof stiffener). 
Electrical Equipment Cabinet C 


Y-2274/ 


FRN-22A (inside blower housing). 


Power Supply PP-1331/FRN-20 
Power Supply PP-1331/FRN-20 
Power Supply PP-1331/FRN-20 
Power Supply PP-1331/FRN-20 
Power Supply PP-1331/FRN-—20 


Reference 
(fig. No.) 


22 


21 


21 


21 


21 


21 


21 


250 


250 


250 


125 


125 


000 


500 


250 


250 


250 


250 


250 


250 
250 


250 


250 


250 


32 
32 
250 
250 
250 


Ratings 


Amp 


0.5 (time 


lag). 
0.5 (time 


lag). 


Protected circuit 


Power transformer T902. 
Power transformer T902. 


Power transformer T1201. 

The 12-volt control and simplex 
voltage circuit. 

Ac input circuit of power supply. 

Ac input of power supply. 

Filament transformer T1401. 


Filament transformer T1401. 


Filament transformer T4 and 
T5 in Audio Frequency Ampli- 
fier AM-—1246/FRN-20. 

Filament transformer T5. 


Filament transformer T4. 


Plate transformer T1402. 


Plate transformer T1402. 


The 500-volt supply circuit for 
Audio Frequency Amplifier 
AM-1246/FRN-20. 

The 1,350-volt supply circuit for 
Audio Frequency Amplifier 
AM-1246/FRN-20. 

Power transformer F/T4. 

Power transformer J/T5. 


Meter K/M1 and power trans- 
former K/T5. 

Motor K/B1, meter K/M1, and 
power transformer K/T5. 

Motor K/B1 and motor winding 
of power transformer K/T3. 

Power transformer K/T1. 

Contacts of relays K/RL1 and 
K/RL2. 

Keyer motor L/M501. 


Motor of Propeller Ventilating: 
Fan H D-244/FRN-22. 
Blower motor B1901. 


Primary power circuit. 
Primary power circuit. 
Low-voltage supply. 
Bias supply. 
High-voltage supply. 
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Interlock reference | Reference Location 
designation (fig. No.) 

ALOOL ede 257 | Behind front panel of transmitter- 

SNE Cedi pla Nec 237 | Behind front panel of modulation 
eliminator. 

G/SI. -saneae 207 | Behind front panel of the AM- 
1246/FRN-20. 

P/S1903 22. 32. 2 227 | Top right corner of door opening 
in the CY-2274/FRN-22A. 

PIS 904 2 anos 227 | Top right corner of door opening 
in the C Y—2274/FRN-22A. 

LESS, See MD 227 | Top right corner of door opening 
in the CY-2274/FRN-22A. 

PiplgoGge too: 227 | Top right corner of door opening 
in the CY—2274/FRN-22A. 

Nol Regen #1 ee a 242 | Behind front panel of the PP- 
1331/FRN-20. 

S801. Seats 225 | Top right corner of rear door 
opening in the CY-1897/FRN- 
22. 

SS0ZHeee . . Bae: 225 | Top right corner of rear door 
opening in the CY-1897/FRN- 
22. 

S1402 224 Mens 239 | Behind front panel of the PP- 
1329/FRN-20. 

S1801 et 226 | Top right corner of rear door 
opening in the CY-1899/FRN- 
22. 

BLSO2s Roche ae 226 | Top right corner of rear door 
opening in the CY-1899/FRN- 
22. 

SISOS he aoe 236 | Top right corner of rear door 


terlocks used in the omnirange set and the ref- 


b. Interlocks. The following table lists all in- 


opening in the CY-1899/FRN- 
22 


234. Equipment Required for Troubleshoot- 


ing Radio Transmitting Set AN/FRN— 
22A 


erence symbol, location, and function of each | 
interlock. 


Function 


panel is removed. a 
Removes 115-volt ac from power transformer v/v i 
when modulation eliminator front panel is removed. | 
Removes 115-volt ac from plate relay K1402 in the PP= | 
1329/FRN-20, when amplifier panel is removed. | 
Removes 115-volt ac from plate control relay K1402 in 
the PP-1329/FRN-20, when rear cabinet door is 
opened (equipment No. 1). 4 
Removes 115-volt ac from plate control relay K1402 in | 
the PP-1329/FRN-20, when rear cabinet door is | 
opened (equipment No. 2). f 


cabinet heaters HR1901, HR1902, HR1903, and | 
HR1904, when the rear cabinet door is opened. | 


heaters (with P/S1905), when rear cabinet door i 
opened. 


‘TS of the PP- 1331/FRN-20 and plate control rel ; I 
K1402 in the PP-1329/FRN-20, when the front panel ll 
is removed. 4 


cabinet heaters HR801, HR802, HR803, and HR804, __ 
when cabinet door is opened. 


Removes 115-volt ac from plate relay K1402 in the PP= | 
1329/FRN-20, when front panel is removed. |G 
Removes 115-volt ac from plate transformers T1 and H 
T3 in the PP-1331/FRN-20 and plate relay K1402 | 
in the PP-1329/FRN-20, when cabinet door is © 
opened. 


cabinet heaters HR1801, HR1802, HR1803, | 
HR1804, when cabinet ae is opened. q 
Removes 230-volt ac from blower motor and cabin 
heaters (with $1802), when cabinet door is opened 


Test equipment Technical manual Common name & fh 


The following test and additional equipment 
are required for troubleshooting the omnirange 
set, using the troubleshooting charts based on 
starting procedures. 

a. Test Equipment. 


212 


fe ee ae 
Electron Tube Test TM 11-2661___| TV-2/U. 7) 
Set TV-2/U. , 
Multimeter ME-77/U__| TM 11-6625- Multimeter. 
203-12. q 
Audio Oscillator TS— TM 11-2684A__| Af oscillator. ; iF 
382A/U. . | 
Voltmeter, Meter ME- | TM 11-5132___| Af vtvm. i 
30A/U. 5 


| b. Additional Equipment. 


| Qty Description Common name 

) 12 | Safety door switch (cap portion),| Interlock 
Bryant Electric Company No. jumper 
4600A (Federal stock No. 5930- plug. 


757-4130). 


a Preliminary Checks for Troubleshooting 
Starting Procedures 


Additional damage will be caused if power is 
japplied to transmitting equipment in which a 
|short circuit exists. Check for short circuits 
junder any of the following conditions, before 
japplying power to the transmitting equipment: 

a. A replaced fuse that has blown repeatedly. 

6. Smoke observed coming from a component. 
| ce. Overheated parts observed or smelled. 

d. Abnormal symptoms reported from opera- 


jtional tests that indicate possible short circuits. 


|236. Troubleshooting Chart Based on 
Starting Procedures 


Warning: Dangerous voltages exist in the 
four equipment cabinets in the shelter even 
when 10 has been dialed to turn the equipment 


Procedure Normal indications 


Minor switch K201 
makes a clicking sound 
as it steps to position 
dialed. 


off and the cabinet door interlocks are opened. 
This voltage is controlled by circuit breakers 
on the antenna pedestal. 


a. Use of Troubleshooting Chart. All proce- 
dures and corrective measures listed in this chart 
are performed at the omnirange site. The dial- 
ing steps indicated in the Procedure column are 
performed by using dial I 201 on the C-1738/ 
FRN-20. Steps 1 and 2 in the troubleshooting 
chart are used to check the control circuits for 
equipment No. 1, the ac distribution from the 
antenna pedestal to the RE-247/FRN-22, and 
the antenna changeover relays. Step 3 is used 
to check the carrier control circuit. Steps 5 and 
6 are used to check the control circuits and the 
ac distribution from the antenna pedestal to the 
RE-247/FRN-22 for equipment No. 2. Step 7 
is used to check the carrier control circuit for 
equipment No. 2. Steps 8, 9, and 10 are used 
to check the monitoring, alarm, and automatic 
changeover circuits. 

b. Preliminary Steps. Open the four cabinet 
doors and insert the interlock jumper plugs into 
interlock S1801 on each CY-1899/FRN-22 and 
$1903 and S1904 on the PP-1329/FRN-20 
cabinet. 

c. Troubleshooting Chart Based on Starting 
Procedure. 


Abnormal indications Corrective measures 


Measure the 12 volts de at 
terminal board TB1202 on 
the PP-1415/FRN-22 (fig. 


K201 does not step__-_-_- 


244). If the voltage is 

abnormal: 

Check fuses F1201 and 
F 1202. 

Measure 115 volts ac 


across receptacle J1201 
(fig. 227). If there is no 
voltage: 
Check circuit breaker 
N/K1004 (fig. 201). 
Check the wiring be- 
tween N/K1004 and 
J1201 (figs. 298 and 
299). 

Troubleshoot the PP- 
1415/FRN-22 (pars. 
374-381). 

Troubleshoot the C-1738/ 
FRN-20 (pars. 391- 
399). 


213 


Step 


1 
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Procedure 


Dial 9—Continued 


Normal indications 


Antenna relays N/K1008, 


N/K1009, and 
N/K1010 operate (fig. 
201). All tube fila- 
ments of equipment 
No. 1 light. Motor 
L/M501 on keyer 
operates. 


Green EQUIPMENT 
NO. 1 pilot lamp I 202 
on the C-1738/FRN- 
20 lights. 


Motor C/B1 on the 
goniometer operates. 


Abnormal indications 


Relays N/K1008, 
N/K1009, and 
N/K1010 do not oper- 
ate. Filaments do 
not light. Motor 
L/M501 does not 
operate. 


Relays N/K1008, 
N/K1009, and 
N/K1010 do not 
operate. 

I 202 fails to light-_____- 


C/B1 fails to operate____- 


Corrective measures OE 


Measure 115 volts ac betweelll i 
terminals 3 and 4, terminal | 
board TB801 (fig. 225). If} 
there is no voltage: q 

Check relay O 401 in the | 
RE-247/FRN-22 (fig. 
263) ; if energized, check: | 

Circuit breaker | 
N/K1008 (fig. 201). | 
Wiring between N/ «| \ 
1003 and the RE-247/ - | 
FRN-22 (figs. 16, | 
298, and 302). | 

If relay O 401 is not energized; | 

Check relay O 204 in the | 
C-1738/FRN-20 (fig. 
247). If O 204 is ener} 
gized, check wiring be- 
tween the C- 1738 
FRN-20 and the RE- |} 
247/FRN-22 (fig. Be | 

If relay O 204 is not ener | 
gized, troubleshoot the) | 
12-volt circuit (fig. 302). 5 

Check the wiring to relay i 
(fig. 302). fl 

Check relays N/K1008, N/K. 
1009, and N/K1010 (fig. 201). | 

Check pilot lamp I 202. h 

Troubleshoot the 12-volt cir 7) 
cuit (fig. 155). | 

Check the wiring between the | 
C-1738/FRN-20 and _ the |} 
RE-248/FRN-22 (fig. 298). 

Remove thermal relay K902 from :| 
the O-371/FRN-20 (fig. 218) |’ 
until the trouble is corrected. 

If relay O 402 in the RE- | 
247/FRN-22 (fig. 263) 
energized: 

Measure 115 volts ac 
pins 1 and 2 of @ 
ceptacle J402 (fig. 263 
if abnormal, troubl 
shoot the RE-24 
FRN-22 (pars. 419-425 

If normal, check the wiring |) 
between the RE-247/ | 
FRN~-22 and the O-371/ | 
FRN-20 (figs. 148, 298, | 
301, and 303). Check | 
contacts of relay K901 | 
in the O-371/FRN-20 | 
(fig. 211). Check wiring i 
between the O- -371 | 
FRN-20 and the goni- | 
ometer (figs. 148, 299, | 
301, and 303). - 


L Bi 
a) 
av | 


{ 


ST 


Step Procedure 


2 | Dial 8—Continued 


3 | Turn meter switch A/S2 
on the transmitter to 
HIGH VOLTAGE 
position. 


4 | Observe alarm lamps on 
the monitor. 


Normal indications 


Meter A/M1 on the 


transmitter indicates 
500 volts. 


Alarm lamps are out_---- 


Minor switch K201 steps 


to position dialed. 


All tube filaments of 


equipment No. 2 light. 
Motor L/M501 on 
keyer operates. 


Abnormal indications 


No indication on meter 
A/M1. 


Alarm lamps lit________ 


K201 does not step-_-__- 


Filaments do not light 
and L/M501 does not 
operate. 


Corrective measures 


If relay O 402 is not energized: 
Check the O 402 coil. 
Check the energized con- 

tacts of relay O 205 
(fig. 247). 

Check the wiring between 
the RE-247/FRN-22 
and the C-1738/FRN- 
20 (figs. 155 and 298). 

If O 205 is not energized: 
Check coil of O 205. 

Check fuse F5 on the PP- 
1331/FRN-20 (fig. 242). 

Check relay S5 in the PP- 
1331/FRN-20; if not ener- 
gized: 

Check wiring between the 
PP-1331/FRN-20 and 
the C-1738/FRN-20 
(figs. 155, 298, and 299). 

Troubleshoot the PP- 
1331/FRN-20 (pars. 
364-373). 

If relay S5 is energized: 

Check wiring between the 
PP-1331/FRN-20 and 
the transmitter (fig. 
299). Troubleshoot the 
PP-1331/FRN-20 (pars. 
364-373). Troubleshoot 
the transmitter (pars. 
408-418). 

Proceed with No. 2 equipment 
troubleshooting to determine 
whether fault is in common 
equipment. 

Check the wiring between the 
C-1738/FRN-20 and the 
RE-248/FRN-22 (figs. 155 
and 298). 

Troubleshoot the C-1738/ 
FRN-20 (pars. 391-399). 
Measure 115 volts ac between 
terminals 3 and 4, terminal 
board TB803 (fig. 225). If 

no voltage: 

Check relay O 403 in the 
RE-247/FRN-22 (fig. 
263). 

If O 403 is not energized: 
Check relay O 301 in the 

RE-248/FRN-22 (fig. 
265). If O 301 is ener- 
gized, check wiring be- 
tween RE-248/FRN-22 
and RE-247/FRN-22 
(fig. 298). 

If O 301 is not energized, 
troubleshoot the 12-volt 
circuit (fig. 155). 
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Step Procedure 


Gi ebial (G2. ot Sa.) elon 2) 


7 | Turn meter switch A/S2 
on the transmitter to 
the HIGH VOLTAGE 
position. 


8 | Observe the alarm lamps 
on the monitor. 
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Normal indications 


Motor C/B1 on the GO- 


12/FRN-20 operates. 


Meter A/M1 on the trans- 
mitter indicates 500 
volts. 


Alarm lamps out 


Abnormal indications Corrective measures 


Remove thermal relay K902 | 
from the O- ~371/FRN-20 
(fig. 213) until the trouble | 
is corrected. i 

Check relay O 404 in the R : 
247/FRN-22 (fig. 263). tt 
energized: | 

Measure 115 volts ac at pins | 
5 and 6 of receptacle J402; 
if abnormal, troubleshoot | 
the RE-247/FRN- 22 (pars, ; 
419-425). 

If the voltage is normal, | 
the wiring between the RE- 

247/FRN-22 and the On} 

371/FRN-20 (figs. 148, 298, 

301, and 303). } 


C/B1 fails to operate-_-_--- 


Check the warn between | 


BR ee: (figs. 148, 300, 
301, and 303). Check C/F1 | 
ane C/B1 on the goniomet 
If relay O 404 is not ener- I 
gized: I 
Check the O 404 coil. 
Check the wiring between | 

the RE-247/FRN-22) 

and the C-1738/FRN-| 

20 (figs. 155 and 298). | 
Check fuse F5 on the PP- 
1331/FRN-20 (fig. 242). | 
Check relay S5 in the PP=' 
1331/FRN-20; if not ene ' 
gized: | 
Check the wiring between: 
the PP-1331/FRN-20' 
and the C-1738/FRN- 
20 (figs. 155, 298, and 
300). =| 
Troubleshoot the PP-1331// 
FRN-20 (pars. 364-378), | 
If relay S85 is energized: a 
Check the wiring between | 

the PP-1331/FRN-20/ 

and the (fig. 300). _—! 

the Pie 


i 
i) 
|, 


No indication on A/M1_-_ 


Troubleshoot | 
1331/FRN-20 (pars. | 
364-373). | 


Troubleshoot the trans 
mitter (pars. 408-41 


Alarm lamps lit_.._..._.< If the alarm lamps are lit im 


248-255.) 

Troubleshoot the AN/FRA- 
(pars. 256-262). 

Check the cabling between th J 
AN/FRA-14 and the moni 
tor (fig. 16). 


shoot the antenna vs 


neil 


Step Procedure Normal indications 


8 | Observe the alarm lamps 
on the monitor—Con. 
Be es ee 
(10 | Manually alarm the om- 
nirange set by holding 
TEST switch on moni- 
tor in REF position. 


No indications. 

The C-1840/FRN-22 im- 
mediately starts oper- 
ating. 


After 4 minutes, the other 
equipment is on the 
the air. 


11 | Same as item 10, but hold 
TEST switch in VAR 


position. 


237. Troubleshooting Voice-Modulation 


Signal Circuit 
a. Troubleshooting the voice-modulation signal 
circuit includes the microphone, Radio Set Con- 


i trol C-1739/FRN-20, Audio Frequency Ampli- 


fier AM-1247/FRN-20, simplex telephone line, 


| Radio Set Control C-1738/FRN-20, and Relay 
| Assembly RE-248/FRN-22. 


Warning: During these troubleshooting pro- 
cedures, all circuits are energized with high 
voltage. Take adequate precautions to avoid 
electrical shock. 

b. To perform an operational check of the 
voice-modulating signal circuit, make the test 
equipment connections indicated in paragraph 


| 45a and 6. Do not make any of the adjustments 
listed because this would tend to obscure defec- 


| tive operation and cause failure after a short 


Indication Probable trouble 


Abnormal indications Corrective measures 


Troubleshoot the 
(pars. 306-315). 


monitor 


The C-—1840/FRN-22 does 
not operate. 


Check the wiring between the 
monitor and the C-1840/ 
FRN-22 (figs. 159 and 298). 

Troubleshoot the C-1840/ 
FRN-22 (pars. 400-407). 


Other equipment does | Check the wiring between the 
not turn on. C-1840/FRN-22 and the 
C-1738/FRN-20 (figs. 155 

and 298). 
Troubleshoot the C-1840/ 


FRN-22 (pars. 400-407). 


operating period. When the test equipment has 
reached a stable condition, and the operator has 
been alerted, perform the following operational 
steps: 

(1) With LOCAL-REMOTE switch $202 
in the REMOTE position, dial 9, then 
8, and allow the equipment to warm up. 
Set the AF oscillator for 1.75-millivolt 
output at 1,000 cps in accordance with 
TM 11-2684A. Use figure 158 for signal 
tracing assistance. 

Observe the results of (1) and (2) 
above when the operator presses the 
microphone push-to-talk switch, and 
compare those results with the trouble- 
shooting chart below. 

c. A troubleshooting chart for the voice-modu- 
lating signal circuits follows: 


(2) 


Procedure 


i] 
No, or low, voice modulation -____- 


C-1738/FRN-20 defective--_---- 


RE-248/FRN-22 defective - - - -- 


AM-1247/FRN-20 defective__ -- 


Microphone defective - 


Remote control unit defective__-_ 


Check the output at term. 5 and 6 of terminal 
board E501 with the AF vtvm in the remote 
control unit (fig. 260). The output should be 
1.73 volts. If no voltage exists, or it is 
very low, troubleshoot the AM-—1247/FRN-20 
(pars. 274-284). 

Check the microphone cord and switch continuity. 

Replace the microphone. 

Check the output at term. 1 and 2 of terminal 
board E501. If no output exists, troubleshoot 
the remote control unit (pars. 382-390). 

Check the output at pins 2 and 3 of filter FL201 
(fig. 247). If no output exists, troubleshoot 
the C-1738/FRN-20 (pars. 391-399). 

Check the output at term. 9 and 10 of terminal 
board TB1801 in the CY-1899/FRN-22 (fig. 
16). If no output exists, troubleshoot the 
RE-248/FRN-22 (pars. 426-433). 
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Section Ill. 


238. General 


This section provides troubleshooting informa- 
tion necessary to localize a fault to a particular 
unit and is used only when one equipment is on 
the air as a navigational facility. Troubleshoot- 
ing information given in this section applies to 
both equipment No. 1 and equipment No. 2. 
Reference designations listed in this section are 
for equipment No. 1. When troubleshooting 
equipment No. 2, refer to the chart in paragraph 
243a for the proper reference designation. Con- 
trols and connectors not listed in the chart are 
the same for both equipments. 


239. Interunit Troubleshooting Reference 
Data 


Reference material useful in interunit trouble- 
shooting is listed below. 


Figure No. Caption 


2 (TM 11-5825- Equipment grouped around antenna 


205-12). pedestal, front view. 
3 (TM 11-5825- Equipment grouped around antenna 
205-12). pedestal, rear view. 

LU sa ay faecal el Radio Transmitting Set AN/FRN- 
22A, cording diagram. 

Bb2 200. 2.2 os Relay Assembly RE-247/FRN-22, 
control locations. 

BO ue a sree ee aig a Radio Transmitter T-573/FRN-20, 
control locations. 

Sp A st il A ale AON le Electrical Equipment Cabinet CY- 
1899/F RN-22, interlock switch lo- 
cations. 

Fy Le ae Indicator Panel SB-830/FRN-22A, 
control and indicator locations. 

A ea. eee eee Oscilloscope modulation patterns. 

I Soe ee Ac power distribution circuits, sche- 
matic diagram. 

NSC. ME ae Interlock and _ protective circuits, 
schematic diagram. 

a Sh Mepeeek eT ee oe Control circuits, schematic diagram. 

POGUE hy eee Frequency-regulated supply circuits, 
schematic diagram. 

AUT ae dey dad oe ae Transmitting circuits, schematic dia- 
gram. 

JSS soe Oh ieee ae Modulating signal circuits, schematic 
diagram. 

QSL 22 see Audio Frequency Oscillator O-371/ 
FRN-20, interior view. 

QUA Ie ey BED ee oe Relay adjustment data. 

225 satel). te vex Electrical Equipment Cabinet CY-— 
1897/F RN- 22, interior view. 

BAG feat Ney hh ies Electrical Equipment Cabinet CY- 
1899/FRN-22, interior view. 

DPA bie. sea ae Electrical Equipment Cabinet CY-— 


2274/FRN-22A, interior view. 


INTERUNIT TROUBLESHOOTING 4 


Figure No. Caption 

228, (220 230 eue a. Electrical Goniometer GO-12/FRN- | 

20. | 
962) 263 scutes Relay Assembly RE-247/FRN-22, | 
264s See eee Relay adjustment data. | 
2642 ol hae meas Relay adjustment data. 
DOG se pre Nahe abet Relay Assembly RE-248/FRN- -22, | 

rear view. 4 
Po OR Se hy 8 dat Electrical Equipment Cabinet CY- / 

1897/FRN-22, wiring diagram. | 
290 Soe ee ets Electrical Eouipment Cabinet cys 


1899/FRN-22, 
wiring diagram. 
S00 Ae eee Electrical Equipment Cabinet CY. | 
1899/FRN-22, equipment No. 2) 
wiring diagram. | 
BOL ee eres Electrical Equipment Cabinet CY- 
2274/FRN-22A, wiring diagram. | 
3055 ee es Intercabinet wiring harness W19, | 
wiring diagram. 1 


equipment No. | 


240. Equipment Required for Interunit 
Troubleshooting 


a. Test Equipment. The test equipment re- | 
quired for interunit troubleshooting is listed be-'| 
low with the applicable technical tient and the | 
common name assigned to each. | 
Common name ~ } 


Test equipment Technical manual 


RF Wattmeter AN/ TM 11-5133__| Load watt- 


URM-43A. meter. 
Multimeter ME-77/U___| TM 11-6625-— | Multimeter. 
203-12. 
Oscilloscope, DuMont |... .... 22 eae Oscilloscope. 
Type 2559A. 
Voltmeter, Meter ME- | TM 11-5132__| AF vtvm. 
30A/U. 


b. Additional Equipment. The additional ] 
equipment required for interunit troubleshooting | 


Qty Description Common name 
12 | Safety door switch (cap portion) | Interlock 
Bryant Electric Company No. jumper — 
4600A (Federal stock No. 5930- plug. 
757-4130). 
2° | Jumper leads.— 4.2.82 6 ee ee Audio 
jumpers. 


ce. Preparation of Jumper Leads. The two 
audio jumpers required may be fabricated by 
attaching phone tip plugs on each end of two 
4-inch pieces of #20 AWG stranded wire. If 
phone tip plugs are not available, carefully strip 
off 1 inch of the insulation and tin the wire ends 
with solder to hold the strands in place. 


241. General Precautions 


Care should be exercised to assure that proper 
j\loads are connected before turning the trans- 
mitting equipment on, either by dialing or by use 
| of the test switches. 


Caution: During the following troubleshoot- 
| ing, one equipment will be on the air; therefore, 
extreme caution against coming into contact 
with high voltage should be observed. 


| 242. Preliminary Steps 

Before starting the interunit troubleshooting, 
the following preliminary steps must be com- 
pleted: 

a. Letermine first, by using the procedures 
specified in paragraph 229, which equipment can 
be placed on the air and which equipment is 
inoperative. After determining which equip- 
ment is inoperative, proceed with the following 
steps before attempting to place ether equipment 
into operation. 

b. Refer to figure 16 and disconnect RF con- 
nector P18 from the top of the CY-1899/ 
FRN-22 of the inoperative equipment and con- 
nect the load wattmeter to receptacle J1802. 
| Refer to TM 11-5133 and set the load wattmeter 
for 60 watts. 

e. Open the rear door of the CY-1899/FRN- 
‘122 and disconnect plug P15 from receptacle J3 
| (fig. 16) on the modulation eliminator. Connect 
the second load wattmeter, set for 15 watts, to 
receptacle J3. 


d. Open the rear door of the CY-1897/FRN- 
22 and remove plug P806 from receptacle J304 
located on the rear of the RE-248/FRN-22 (fig. 
16) and connect it to test receptacle J302. Refer 
to figure 265 and place MOD ELIM TEST 
switch in the ON position. Connect an audio 
jumper lead between test jacks J305 and J307 
and a second jumper lead between test jacks 
J3806 and J308 (fig. 265). 

e. Connect the oscilloscope to CARRIER 
TEST OUT receptacle on the transmitter as 
described in paragraph 45a. 

f. Open the rear door of the CY-2274/FRN- 
22.4 and insert interlock jumper plugs into inter- 
lock receptacles S1903 and $1904 (fig. 227). 
Insert another jumper plug into interlock re- 
ceptacle $1801 on the CY-1899/FRN-22 (fig. 
226), 

g. Dial the operative equipment into opera- 
tion. 


243. Troubleshooting Chart, Using Equip- 
ment Test Switches 


a. General. The troubleshooting chart (6 be- 
low), using equipment test switches, is for equip- 
ment No. 1 but applies equally to equipment No. 
2 with the exception of the reference designations 
of controls and connectors. The applicable ref- 
erence designations of controls and connectors 
that differ for each equipment are shown. in the 
following chart: 


Control Equipment Equipment Figure No. 
No. 1 No. 2 
Operate switch______- $401 $403 262 
Testis C aaa $402 $404 262 
Plugos gee eee P806 P807 16 
Receptacles. 2-2 J304 J303 16 
RE connector=- 2222- P18 P24 16 
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6. Troubleshooting Chart, Using Equipment Test Switches. 


Procedure Normal indications Abnormal] indications Corrective measures 
1 | Place EQUIPMENT Filaments in equipment None of the normal in- Check the contacts of rela $s | 
NO. 1 OPERATE No. 1 light. dications. O 401 and O 402 in the RE- ! 
switch $401 in TEST 247/FRN-22 (fig. 263). -| 
position and EQUIP- Motor Moor on the keyer'| 02 ae ee re Troubleshoot the RE-247/FRN- 
MENT NO. 1 TEST operates. 22 (pars. 419-425). 


switch $402 in the ON 
position (fig. 262). 


Motor Bl onthe goni= |_ sasoe SEL ee ee Check the ac distribution cir. i 
ometer operates. cuit (fig. 148). | 
M501 only does not op- | Check fuse F501 on keyer 


erate. (fig. 238). 4 
Check M501 (fig. 234). 

Check wiring between keyer 

and the RE-247/FRN-22 | 


(fig. 298) } 
B1 only does not oper- | Check fuse F1 on goniometer, | 
ate. Check B1 (fig. 228). 7 


Check the contacts of relay | 

K901 in the O- -371/FRN-20 

(figs. 211 and 214). | 

Check the ac distribution cir- 

cuit between motor B1 and | 

the RE-247/FRN-22 (fig 

148, 150, and 154). ff 

After approximately 60 K901 and K902 do not | Check the closed contacts of f! 
seconds, relays K901 operate. thermal relay K902 (fig. 
and K902 in the O- i) 7; | 
371/FRN-20 make a Check the coil of relay K901 | 
loud click as they op- (fig. 214). | 
erate and motor B1 on | Motor B1 stops or oper- | Troubleshoot the PP-1329) | 
the goniometer con- ates irregularly. FRN-20 (par. 244). 
tinues to operate. 5 

2 | Press the TEST key S4 Wattmeter indicates 50 No, or low, indication on | Troubleshoot the transmitting || 


on the transmitter (fig. watts. wattmeter. circuits (par. 245). 
36). 

3 | Observe the oscilloscope Oscilloscope pattern No, or low, modulation___| Troubleshoot the modulating | 
pattern (fig. 60). shows a subcarrier signal circuits (par. 246). 


modulation depth of | 
30 percent and an ria 
identification tone | 
modulation depth of 
10 percent. 
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244. Troubleshooting Frequency Regulating 
Circuits 
a. General. 


When the procedures in the chart 
(par. 2436) indicate trouble in the frequency 


regulating circuits, proceed with the steps given 
in the following chart to localize the fault. 

6. Troubleshooting Chart for the Frequency 
Regulated Circuits. 


Indication Probable trouble 


Motor B1 on the goni- 
ometer stops shortly 
after starting equip- 
ment. 


No output from 
PP-1329/FRN-20. 


245. Troubleshooting Transmitting Circuits 


a. General. When the procedures in the chart 
\(par. 2436) indicate trouble in the transmitting 


[tem Indication Probable trouble 


Procedure 


On the meter panel turn LINE switch $1902 to EQUIPMENT 
NO. 1 position and CURRENT switch $1901 to EQUIPMENT 
NO. 1 DRIVER TOTAL position (fig. 232). 

Read 115 volts on VOLTS meter M1903. 
Read 80 ma on CURRENT meter M1901. 
If there is no indication on either meter: 


Check the wiring between the meter panel and the 
O-371/FRN-20 (fig. 301). 
Check the wiring between the meter panel and the 
AM-1246/FRN-20 (fig. 301). 
Measure 1,350 volts de between terminal E1902 or E1906 
and ground (fig. 227). 
Measure 500 volts de between receptacle J3 and ground 
(fig. 206). 
De voltages are abnormal: 
Check the wiring between the AM-1246/FRN-20 
and the PP—1329/FRN-20 (figs. 299, 301, and 303). 
Troubleshoot the PP-1329/FRN-20 (pars. 355-363). 
De voltages normal: 
Troubleshoot the AM-—1246/FRN-20 (pars. 263-273). 
Troubleshoot the O-371/FRN-20 (pars. 285-294). 


circuits, proceed with the steps indicated in the 
following chart to localize the fault. 

b. Troubleshooting Chart for Transmitting 
Circuits. 


Procedure 


1 | Load wattmeter connected | Transmitter defective 
to J1802 does not indicate 


50 watts (par. 2426). 


| 2| Load wattmeter connected 
to J3 does not indicate 6 
watts (par. 242c). 


fective. 


Modulation eliminator de- 


Measure 500 volts de at terminal El on the PP- 
1331/FRN-20 (fig. 243). 
If normal, troubleshoot the transmitter (pars. 
408-418). 
If abnormal, troubleshoot the PP-1331/FRN—-20 
(pars. 364-373). 
Troubleshoot the modulation eliminator (pars. 346- 
354). 
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246. Troubleshooting Modulating Signal 


Circuits 
a. General. 


Item Indication 


When the procedures given in the 
chart (par. 2435) indicate trouble in the modu- 


1 | Oscilloscope connected to J3 of 
transmitter indicates no modu- 
lation (par. 242e). 

2 | Oscilloscope indicates no subcar- 
rier modulation (par. 45¢ and 
fig. 47). 

3 | Oscilloscope indicates no keyed 
tone modulation (par. 45d and 
fig. 47). 


247. Troubleshooting Intercommunication 


Circuits 


a. General. 
include the two handsets, 


Item Indication 


The intercommunication circuits 
Radio Set Control 
C-1739/FRN-20, Radio Set Control C-1738/- 
FRN-20, and the simplex telephone line (fig 


Probable trouble 


lating signal circuits, proceed with the steps given 
in the following chart to localize the fault. 

b. Troubleshooting Chart for Modulating Sige 
nal Corcuits. 


Procedure 


Modulator section of transmit- 
ter defective. 


Subcarrier section of goniometer 
defective. 


O-373/FRN defective___-______ 


160). 


Probable trouble 


1 | No communication between the 
remote site and the local site. 
No monitor audio at the re- 
mote site. Dialing functions 
normal. 

2 | No intercommunication, monitor 
audio normal. 


3 | Intercommunication normal, no 
monitor audio at the remote 
site, normal at the MONITOR 
jack J201. 


Defective handset HS2 


Defective handsets____________ 
Dial I 501 contacts defective____ 


RING-TALK switch S201 de- 
fective. 

RING-TALK switch $201 de- 
fective. 

C-1738/FRN-20 defective 


Defective handsets (HS1 and HS?) a 
best located by substitution of a handset of known | 
quality. If the trouble is corrected, repair the | 
handset by checking the cord continuity and re: | 
placing the receiver or transmitter as required, | 

b. Troubleshooting Chart for Intercommunica- 
tion Circuits. | 
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Troubleshoot transmitter (pars. 408-418). 


Check wiring between transmitter and goni- 
ometer (figs. 158 and 300 or 301). 
Troubleshoot goniometer (pars. 324-333). | 
Measure 6 volts signal voltage at output of | 
O-373/FRN (fig. 158). 
If abnormal: 4 
Troubleshoot O-373/FRN (pars. 295-_ j 
305). | 
If normal: | 
Check wiring between O- 373/FRN ! 
and keyer (fig. 299). t 
Troubleshoot keyer (pars. 339- 345). | if 
Check wiring between keyer and RE- | 
248/FRN-22 (fig. 299). | 
Troubleshoot RE-248/FRN-22 (pars. j 
426-433). ; 
Check wiring between RE- 248/FRN- \ 
22 and C-1738/FRN-20 (fig. 299). | ) 
Troubleshoot C-1738/FRN-20 (pars. | | 
391-399). / 
Check wiring between RE-248/FRN- 
22 and goniometer (figs. 299, a0 \ 
and 300 or 301). | 
Check attenuator R17 in the goniom| 
eter (fig. 229). | 
Check wiring between the goniomel@y 
and transmitter (fig. 300 or 301). 


; 


Procedure 


Repair or replace the handset. 
Troubleshoot the remote control unit (pars. | 
382-390). 
Troubleshoot the 
391-399). 
Repair or replace the handset. ql 
Troubleshoot the C-1738/FRN-20 (pars. — 
391-399). 
Troubleshoot the monitor audio circuit (fig. | 
159) in the C-1738/FRN-20 (pars. 391- 
399). 


C-1738/FRN-20 (pars. 


Section IV. ANTENNA AT-669/FRN-—22 TROUBLESHOOTING 


| 248. General 


a. Troubleshooting for the antenna is divided 
into two parts: Troubles reported from flight 
checks of the omnirange set, and alarms indicated 
by the monitor. Full consideration is given in 
this section to the possibility of compensation in 
the monitor calibration for faults which go unde- 
tected except by flight check. The troubleshoot- 
ing procedures are based upon three fundamental 
categories: Coaxial cables, components, and sig- 
nal input to the antenna. When servicing the 
antenna circuit, the omnirange set must be re- 
moved from navigational service. Notify the 
proper authority of the out-of-service condition 
before beginning the troubleshooting procedures. 

b. The antenna is a rugged-built component, 
and although troubles encountered may appear 
to be caused by the antenna, they are usually 
jcaused by external faults. Virtually all internal 
Jantenna troubles are caused by moisture and 
jcorrosion, which can be located by intensive 
|visual inspection. Do not consider the antenna 
defective until all procedures given in this sec- 
|tion have been thoroughly checked; most appar- 
ent antenna faults are actually in the circuits 
j|which excite the antenna. 


Caution: Do not bend, dent or place strains 
jon the internal parts of the antenna during 
jtroubleshooting or visual inspection because 
this will upset the factory calibrations. Exer- 
\cise extreme care when handling the radomes 
to avoid cracking or distorting the area around 
jthe slot by overtightening the attaching parts. 
Do not alter the position of the antenna parts 
and change no adjustments unless specifically 
instructed to do so. 


249. Troubleshooting Reference Data 


The following list of illustrations will be useful 
| when troubleshooting the antenna: 


Caption 


Figure No. 


Antenna AT-669/F RN-—22, radome locations. 

Antenna AT-669/F RN-22, typical tuning chart. 

Antenna AT-669/FRN-22, upper slot tuning 
adjustment locations. 

Antenna AT-—669/FRN-22, lower slot tuning 
adjustment locations. 

Antenna AT-669/FRN-22, feeder tuning ad- 
justment locations. 

Feed points and feed line tuning diagram. 


Figure No. Caption 


86 | Antenna AT—669/FRN-22, figure-of-eight radia- 
tion pattern. 

87 | Rotation of the figure-of-eight pattern. 

88 | Antenna AT-669/FRN-22, total radiation pat- 
tern. 

89 | Antenna AT-669/FRN-22 heaters, schematic 
diagram. 

169 | Antenna AT-669/FRN-22, test setup. 

203 | Antenna AT-—669/FRN-22, heater and cable 
replacement. 


250. Equipment Required 

a. Test Equipment. The test equipment re- 
quired for troubleshooting the antenna is listed 
below with the applicable technical manual and 
the common name assigned to each. 


Technical manual Common name 


Test equipment 


Multimeter ME-—77/U__| TM 11-6625— | Multimeter. 


203-12. 

Rields Detectors (Porta=.=|ae ne oes Field strength 
ble, CAA Model meter. 
2943). 

RF Wattmeter TM 11-5133___| Load watt- 
AN/URM-438A meter. 

(2 required). 

Directional Modulator |_...---...----- VOR modu- 
MD-83A/ARN. lator. 

Wattmeter, Dhrusline | 22a s2e2 See Line watt- 
Model 43 (2 re- meter. 


quired) (Bird Elec- 
tronics Corp., Cleve- 
land, Ohio). 


b. Additional Equipment Required. The ad- 
ditional equipment required to troubleshoot the 
antenna is listed below with the common name 
assigned to each. 


Quan- Description Common name 
tity 


Test coaxial 
cables. 


4 | Coaxial cables fabricated from 
RG-8/U cable and having UG-. 
21B/U coaxial connectors (Fed- 
eral stock No. 5935—149—4236) on 
each end. One cable to be 10 
feet in length, the remaining three 
to be 4 feet in length. (See 
chapter 5 for fabrication pro- 
cedure.) 

8 | Safety door switch (cap portion) 
Bryant Electric Company No. 
4600A (Federal stock No. 5930- 
757-4130). 


Interlock 
jumper 
plug. 
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251. Removal and Reinstallation 


a. General. The antenna normally will be 
serviced in position on top of the shelter and 
will require two men for best efficiency. Instal- 
lation instructions for the antenna are contained 
in paragraphs 11, 21, and 23. Removal will be 
obvious from these procedures. 

b. Radome Removal and Reinstallation. Prior 
to removal of radomes, note any identification 
marks or provide marks which may be used to 
reinstall each radome on the original slot. The 
radome end marked TOP must be reinstalled on 
top. Do not make radiation tests with any of 
the radomes removed. The absence of a radome 
raises the resonant frequency of the slot. Before 
reinstallation of a radome, inspect the gaskets 
and mating surfaces and be sure that they form 
a weathertight seal. Replace any gaskets that 
are not a perfect fit and tighten screws suff- 
ciently to obtain a tight seal but not enough to 
distort the metal around the radome or slot. 


252. General Precautions 


a. When radiation troubles are indicated, com- 
plete the procedures given in this section in the 
order given. This is necessary because some 
defects may appear to be in the antenna but are 
actually reflections from another portion of the 
antenna system. 

6. Moisture in the antenna is the primary source 
of internal trouble and can be located by a thor- 
ough visual inspection. Do not perform trouble- 
shooting procedures during electrical storms or 
remove the radomes during rain, snow, or heavy 
fog conditions. Be extremely careful in handling 
radomes at all times. 

c. Controls and adjustments inside the antenna 
should always conform to the tuning chart in- 
cluded with the antenna. (Do not use the chart 
shown in fig. 40.) Compensation for faulty op- 
eration by changing tuning control settings is 
permissible only under ine indicated in this 
section, and then only for capacitors C1 and C2. 

d. When making de resistance measurements 
on the antenna system, consult the reference 
figures and schematics to be certain of the con- 
tinuity being measured. Continuity may be indi- 
cated through an apparently open connection, 
because of a parallel circuit. 

e. Improperly fabricated coaxial test or re- 
placement cables can cause very serious difficul- 
ties during troubleshooting. Use exact proce- 
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dures given in chapter 5 for all such fabrication. 
Observe critical dimensions and tolerances with 
regard to cable lengths. 


253. Test Setup for Antenna Circuit 


a. Equipment Calibration. The test setup for 
the antenna circuit requires that both transmit-7 
ters be in perfect operating order and that the 
test equipment be calibrated to insure accuracy 
of the reflected power percentage (rpp) meas- 
urements. Complete the following steps on the 
transmitters and test equipment in the order 
given: 

(1) With both equipments shut down, dis- 
able both O-873/FRN oscillators by 
disconnecting the ac power plug from 
receptacle EK/J1 (fig. 16). Disable both 
goniometers by disconnecting the ac 
power plugs from receptacles C/J6, and 
plugs P1801 at receptacle C/J1. Install 
interlock jumper plugs in all rear door 
interlocks of CY-1897/FRN-22 and 
CY-1899/FRN-22. 


Warning: Extremely high voltages 
are present in the cabinets at all times. 
Take adequate precautions against 
electrical shock that can be caused by 
contact with exposed terminals. 


(2) Connect one receptacle of the line watt- 
meter to transmitter No. 1, rf output 
plug A/P1 (fig. 16), and the load watt 
meter to the remaining receptacle with a 
test coaxial cable (A, fig. 169). Install 
a 50-watt element in the line wattmeter, 
arrow toward load wattmeter. Dial No. 
9 then No. 8. 

(3) Both wattmeters-should read 50 watts} 
if the transmitter rf output is other 
than 50 watts, adjust mm accordance with 
paragraph 39). Should the power out- 
put of the transmitter be excessively 
low, troubleshoot in accordance with 
paragraphs 408 through 418. 

(4) Check the reflected power percentage 
(rpp) of all wattmeters and _ test the 
coaxial cables (6 below). The rpp for 
any combination must be less than 1 
percent. Check and adjust the output 
of transmitter No. 2 in the same man- 
ner indicated in (2) and (3) above. 

b. leflected Power Percentage. When reflected 
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power percentage tests are specified in the charts 
or tests of this section, the following procedure 
is to be used. 

(1) Be sure that equipment No. 1, test co- 
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(2) 


(4) 


(5 


~~ 


axial cables and wattmeters are cali- 
brated as instructed in a above. 
Disconnect the coaxial cable from re- 
ceptacle B/J2 on the modulation elimi- 
nator (fig. 16) and connect the cable to 
one of the line wattmeter receptacles. 
Disable equipment No. 1 O-873/FRN 
by disconnecting the ac power plug from 
receptacle E/J1. Disable the goni- 
ometer by removing the ac power plug 
from receptacle C/J6 and the connector 
plug from receptacle C/J1 on the goni- 
ometer subchassis. 

Connect one end of the circuit to be 
checked to the other receptacle of the 
line wattmeter. Connect the load watt- 
meter to the opposite end of the circuit 
to be checked. The line wattmeter 
always tests the component parts be- 
tween the line wattmeter and the load 
(fig. 169). 

Caution: Do not energize equipment 
unless all rf outputs are terminated 
properly by their normal load or a 
load wattmeter. Use the 60-watt scale 
on the load wattmeter unless otherwise 
specified. 


Measure forward power first by in- 
stalling the 50-watt element in the line 
wattmeter with the arrow toward the 


load wattmeter line. Note the reading, 
deenergize the equipment, remove the 
50-watt element, and install the 10-watt 
element with the arrow toward the 
transmitter. 


Caution: With the 10-watt clemeril 
in the line wattmeter, be on the alert 
for an off-scale meter reading to avoid 
damage to the meter. Use the 50-watt | 
element with the arrow toward the 
transmitter if necessary to troubla 
shoot under high reflected power con- | 
ditions. Do not change elements with i 

“I 


equipment energized. | 


percentage ; 


(6) 


Compute reflected power 
with the following formula: 


reflected power X 100 = reflected power 
forward power percentage. 


254. Antenna Circuit Troubleshooting. 


a. General. Two charts contained in this 
paragraph indicates troubles that are localized 
by information gained from monitor alarms and | 
flight checks. The information in the charts) 
may be used separately or in combined fon 
whichever suits the conditions. Use figure 16 to’ 
assist in locating components to be checked. | 

b. Monitor Alarm Chart. The Indication col. | 
umn of the chart contains information on trod 
bles obtained from the alarm lamps and indi- | 
cators on the monitor panel. Probable trouble 
and Procedure columns indicate the method re- | 
quired to accurately locate the defective com- 
ponent. 


ok 


Indication 


Probable trouble 


I Sa os ye 


Procedure 


All three alarms lighted in both 
equipments. 


2 | Same as item 1 above but one 
equipment only. 


3| VARIABLE and COURSE 
alarms lighted, both equip- 
ments. 


4 | Same as item 3 above but one 
equipment only. 


5 | REFERENCE and COURSE 
alarms lighted. 


6 | COURSE alarm lighted------- 


Carrier levels very low------- 


Defective AN/FRA-14_____-_- 
Defective monitor..2- 2222225 


Defective transmitter_______- 


Reference carrier level low__-- 


Defective goniometer- ------- 


Variable carrier level low_-___- 


Defective monitor ]=se. 22 2= 


Variable carrier level low----- 


Defective goniometer - - - ----- 
Defective modulation elimi- 


nator. 


Subearrier frequency shift---- 


Metectivenmonitone =] o==2—— == 
Small-course shift_—---=---=- 


Defectivennonitors.- 2s 42 ———— 


Check coaxial cables W3 and W5 (par. 255b). 

Check antenna relay N/K1010 (par. 255c). 

Check moisture and corrosion points (par. 255f). 

Troubleshoot the AN/FRA-14 (pars. 256-262). 

Troubleshoot monitor (pars. 306-315). 

Replace antenna when all other possible troubles 
have been exhausted. 

Troubleshoot transmitter (pars. 408-418). 


Equipment No. 1, check coaxial cable W14 (par. 
255b). 

Equipment No. 2, check coaxial cable W17 (par. 
255D). 

No power to goniometer (pars. 238-247). 

Troubleshoot goniometer (pars. 324-333). 

No ac power to antenna relays, equipment No. 1 
(pars. 231-237). 

Check coaxial cables W2 and W4 (par. 255b). 

Check antenna relays N/K1008 and N/K1009 
(par. 255c). 

Check moisture and corrosion at antenna slot 
(par. 255f). 

Troubleshoot the monitor (pars. 306-315). 

Replace the antenna when all other possible 
troubles have been exhausted. 

Check antenna relays N/K1008 and N/K1009 
(par. 255c). 

Check the goniometer (par. 255c and e). 

Equipment No. 1, check coaxial cables W1, W13 
and W15 (par. 255b). 

Equipment No. 2, check coaxial cables W1, 
W16, and W18 (par. 255b). 

Check the level and rpp (par. 255d and e). 

Troubleshoot the goniometer (pars. 324-333). 

Troubleshoot the modulation eliminator (pars 
346-354). 

Adjust variable carrier modulation (par. 46) 
after other tests indicate normal operation. 
Troubleshoot goniometer subcarrier chassis (pars. 

324-333.) 

Troubleshoot goniometer capacitor C18 (pars. 
324-333). 

Check modulation adjustments (par. 49). 

Troubleshoot monitor (pars. 306-315). 

Check antenna moisture and corrosion (par. 
255f). 

Goniometer drive belt loose (par. 41). 

Unbalanced rpp in variable carrier feed to 
antenna. Check all variable coaxial cables 
(par. 255b) then refer to alinement instructions 
in chapter 5. 

Recheck items 1 and 2 above; they may cause 
small course shift without setting up level 
alarms. 

Troubleshoot monitor (pars. 306-315). 
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ce. Flight Check Chart. The Indication column 
of the chart contains information as received 
from a flight check crew after a flight check as 


Item Indication 


1 | Course errors at the four cardinal 
headings (positive errors on one 
pair of diagonally opposite head- 
ings and negative on the other 
pair), both equipments, COURSE 
alarm lighted. 


2 | Same as above but one equipment 
only. 


3 | Same as item 1 above but no 
COURSE alarm given. 


4 | Large course errors at one pair of 
opposite cardinal headings only. 
Monitor does not give a COURSE 
alarm. 

5 | Error shift in all courses from 
original installation curve, moni- 
tor gives COURSE alarm. 


6 | Course width incorrect, both equip- 
ments. 


7 | Same as item 6 above but one 
equipment only. 
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outlined in paragraph 58. Probable trouble an 
Procedure columns outline the necessary steps to 
locate the defective component. 


Probable trouble 


Power level to one variable carrier 


slot pair low. 


Same as item 1 above 


Same as item 1 above but monitor 
PHASE ZERO control has been 


reset for balance. 
Defective monitor 


Same as item 1 above but subcarrier * 


phase has been shifted to compen- 
sate for error at field detector site. 


Subcarrier phase shifted 


Reference carrier output incorrect ___ 


Variable carrier output incorrect 


Same as item 6 above 


Procedure 


Check antenna relay N/K1008 or | 
N/K1009 (par. 255e). 

Check coaxial cables 
(par. 255d). i 

Check for corrosion and mois 
uy 254f). 


W2 and we | 


1.5° perform variable-feed balance | 
alinement in chapter 5. 
If the error is greater than 1.5°, the 
antenna is defective. After the 
above checks, replace antenna. 
Goniometer balun C/T1 or C/T3 
defective. Check rpp (par. 255d). 
Check goniometer capacitor C17 
output (par. 255e). 
Check antenna relay N/K1008 
N/K1009 (par. 255c). 
Equipment No. 1, check cable va 
or W15 (par. 255). i 
Equipment No. 2, check cable Wi6 
or W18 (par. 255b). { 


Complete all checks in item 1 above, 
and recalibrate monitor (par. 48). | 


Troubleshoot the monitor (pars. 306-_ 
315). i 
Complete all checks in items 1 and 2 
above, and reset adjustment CL 
on goniometers (par. 59). 


Troubleshoot the subcarrier circuits 
of goniometer (pars. 324-333). 
Perform the course alinement adjust- 
ment (par. 59). 


coaxial cables W3 and ws 


(par. 2546). > 7 
Check for corrosion and moisture i 
(par. 254f). i 
Check coaxial cables W2 and wa 
(par. 254b). 
Check antenna relays N/K1008 and 


N/K1009 (par. 254c). 
Troubleshoot the transmitter ars 
408-418). dl 
Check all antenna relays (par. 2550). 
Equipment No. 1, check coaxial cable 
W13, W14, Rad W15 (par. 2550). 
Equipment No. 2, check coaxial cables _ 
W16, W17, and W18 (par. 255b). — 


a a NS a ee eee eee 


Item Indication Probable trouble Procedure 
7 | Course width incorrect—Continued Check the goniometer (par. 255 d 
and e). 


Troubleshoot the modulation elimi- 
nator (pars. 346-354). 

Adjust the variable carrier modulation 
level (par. 46). 

Subcarrier modulation level incorrect_| Troubleshoot goniometer subchassis 
(pars. 324-333). 

Adjust subcarrier modulation level 


(par. 45). 
8 | Excessive course error in one | Moisture and corrosion_____________ Check reference feed line termination 
quadrant only. at antenna cylinder (par. 255f). 
Wew construction... 2-52.20 ee May be necessary to relocate omni- 
range set. 
9 | Erratic courses, with weather | High grass at omnirange site________ Maintain grass at low level. 
changes. 
Vehicles parked or moving about site_| Remove vehicles from site. 
Trees on site with foliage change____| Remove all trees from site. 
Antenna leakages 5 ee: Seve iy Pee Check and reseal antenna (ch. 5). 
|255. Isolating Troubles c. Antenna Relay Check. 


(1) Disconnect all coaxial cable connectors 
at the antenna relay assembly (fig. 16), 
and connect the line wattmeter to trans- 
mitter No. 1 RF output plug A/P1. 
Connect the second line wattmeter to RF 
output plug A/P1 of transmitter No. 2. 

(2) Connect antenna relay receptacle 
N/J1005 to the transmitter No. 1 line 
wattmeter with a 4-foot test coaxial 
cable, and antenna receptacle N/J1003 


| a. General. Use these procedures to isolate a 
jtrouble indicated in the troubleshooting charts 
(par. 254). It is not necessary to remove any 
of the units from their cabinets. The method 
jused to check the components is based on the 
jreflected power percentage. Check the trans- 
mitter, test coaxial cables, and test equipment to 
be used in accordance with instructions (par. 
|253) before starting the test in this paragraph. 


Caution: Be sure that all connectors are to RF output plug A/P1 of transmitter 
jtight and in good condition. Do not disconnect Now Suiwith vartesticoaxialvcabie: 
any connectors or change elements in the line (3) Connect the load wattmeter to antenna 
|wattmeter when either transmitting equipment relay receptacle N/J1004 with a 4-foot 
is energized. test coaxial cable. Dial No. 9 then No. 
| 0. Coaxial Cable Check. 8, and check equipment No. 1 rpp (par. 
(1) Connect the RF output plug A/P1 (fig. 2530) ; dial No. 10 then No. 7 and No. 6, 
16) of the transmitter to be used to one and check equipment No. 2 rpp. If 
receptacle of the line wattmeter. either rpp is above 1 percent, repair or 
(2) Remove the coaxial cable to be checked replace antenna relay N/K1008 as in- 
and connect one end to the remaining structed in chapter 5. 
line wattmeter receptacle. Connect the (4) Repeat the above steps to check antenna 
other end of the suspected component ‘relays N/K1009 (receptacles N/J1011, 
to the load wattmeter (fig. 169). Set N/J1009, and N/J1010), and N/K1010 
the wattmeter on the 60-watt scale. (receptacles N/J1008, N/—1006, and 
(3) Energize the transmitter to be used and N/J1007). 
check the rpp (par. 253d). If the rpp d. Goniometer IPP Check. 
is greater than 1 percent, the compo- (1) Connect the line wattmeter (50-watt 
nent is defective and must be repaired element arrow toward goniometer) to 
or replaced in accordance with instruc- the RF output plug A/P1 of the trans- 


tions contained in chapter 5. mitter of the equipment which contains 
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the defective goniometer. Remove plug 
P14 from receptacle C/J4 on the goni- 
ometer and connect the line wattmeter 
to receptacle C/J4 with a 4-foot test 
coaxial cable. 

Connect a load wattmeter to each of the 
goniometer receptacles C/J3 and C/J5 
with 4-foot test coaxial cables. (Plugs 
P1801 and P1803 to the goniometer must 
remain disconnected.) Energize the ap- 
propriate transmitter. 

Rotate the goniometer capacitor man- 
ually to 45°, 185°, 225°, and 315° on 
the azimuth plate (fig. 30) and check 
the rpp (par. 253b). If the rpp is 
greater than 1 percent at all four posi- 
tions, balun T2 is defective; at 45° and 
225°, balun T1 is defective; at 135° and 
315°, balun T3 is defective. Replace 
defective baluns in accordance with in- 
structions in chapter 5. 


e. Goniometer Capacitor C17 Check. 
(1) Connect the line wattmeter (50-watt 


element arrow toward the goniometer) 
to the RF output plug A/P1 of the 
transmitter of the equipment which con- 
tains the defective goniometer. Remove 
plug P14 from receptacle C/J4 on the 
goniometer and connect the line watt- 
meter to receptacle C/J4 with a 4-foot 
test coaxial cable. 

Connect a load wattmeter to each of the 
goniometer receptacles C/J3 and C/J5 
with 4-foot test coaxial cables. (Plugs 
P1801 and P1803 to the goniometer must 
remain disconnected.) Energize the ap- 
propriate transmitter. 

Rotate the azimuth plate (fig. 30) to 
approximately 45° and accurately locate 
the minimum output on the load watt- 
meter connected to receptacle C/J5. 
Note the azimuth plate reading ‘and lo- 
cate the minimum at 225°. The two azi- 
muth plate readings should not vary 
more than 1° from 45° or 225°. 

Repeat step (3) while observing the in- 
dication on the load wattmeter connected 
to receptacle C/J3 and check the azi- 


muth plate settings of 135° and 315°. — 
(5) If the azimuth plate readings are out of! 
tolerance in (8) or (4), replace the goni- | 
ometer capacitor (ch. 5). i 
(6) Check balance of outputs at 0°, 90°, 180°, 
and 270°. ‘The two wattierers qatar in- | 
dicate the same rf output from recoll 


at all four points. 

(7) Check the maximum and minimum RE 
outputs at 45°, 135°, 225°, and 315°. The! 
maximums must not be rete than 93 per-| 

cent of the power input to receptacle | 

C/J4 and equal within 2 percent. The 
minimums must be less than 3.5 percent | 

of the average of the four maximum RF} 

outputs and equal within 2 percent. Rf) 

outputs at 0°, 90°, 180°, and 270° must! 

be between 69.7 and 71.7 percent of the 

average of the four maximum outputs. 
Replace the complete goniometer capaci- 

tor in accordance with instructions in’ 
chapter 5 if out of tolerance. J 

f. Moisture and Corrosion Points. The points | 
listed below are the most common places where: q 
moisture and corrosion occur in the antenna cir-. 
cuit. A thorough visual inspection will locate | 
the trouble; chapter 5 contains the corrective | 
measures. 4 


Trouble point Check for 


All coaxial cable connectors_| Spread center pin socket. 
Corrosion and moisture at) 
center pin insulator. ; 
Corrosion around shield} 
braid and shield mating|| 
surface. 4 
Reference carrier feed_____ Corrosion under termini 
lugs and screw, where 200) 
ohm lines terminate on) 
antenna cylinder. 
Variable feed line tuning | Moisture and corrosion in- | 


capacitors Cl and C2. side enclosure. q 
Antenna slots_____________ Moisture across slot inst-) 1 
lators. } 


Corrosion at feed conta 
points to cylinder. 


1256. General 


Troubleshooting the AN/FRA-14 is accom- 
plished with the omnirange set performing its 
normal functions. The omnirange set must be 
shut down while preparations are made (par. 
261c). Previous tests must indicate that the 
bquipment in use is operating correctly, because 
he monitor will be deactivated during the pro- 
pedures in this section. The AN/FRA-14 may 
pe serviced at its operating location or on the test 
pench as desired by the technician. 


257. Troubleshooting Reference Data 


The following list of illustrations will be use- 
dul during troubleshooting of the AN/FRA-14. 


Figure No. 


Caption 


1 | Siting Radio Transmitting Set AN/FRN-22A. 


9 |} Antenna Group AN/FRA-14, installation of 
dipole. 
16 | Radio Transmitting Set AN/FRN-22<A, cording 
diagram. 
27 | Antenna Group AN/FRA-14, tube and control 
locations. 
111 | Antenna Group AN/FRA-14, schematic dia- 
gram. 
159 | Monitoring and alarm circuits, schematic dia- 
gram. 


170 | Antenna Group AN/FRA-14, voltage and re- 
sistance diagram. 

204 | Antenna Group AN/FRA-14, bottom interior 
view. 

205 | Antenna Group AN/FRA-14, top interior view. 

292 | Antenna Group AN/FRA-14, wiring diagram. 


258. Equipment Required for Trouble- 
shooting. 

a. Test Equipment. The test equipment re- 
quired is listed below, with the applicable tech- 
fical manual and the common name assigned to 
bach. 


Test equipment Technical manual Common name 


ultimeter ME-77/U___| TM 11-6625-— | Multimeter. 
203-12. 

lectron Tube Test Set | TM 11-2661___| TV-—2/U. 
| TV-2/U or 

lectron Tube Test Set 


TV-7/U. 


TM 11-5083__-| TV—7/U. 


Section V. ANTENNA GROUP AN/FRA-—14 TROUBLESHOOTING 


6. Additional Equipment. The additional equip- 
ment required to troubleshoot the AN/FRA-14 
is listed below with its common name. 


Quan- 


tity Description Common name 


1 | Power input cable (fabrication | Power cable. 


par. 261b). 


2 | Safety door switch (eap portion) | Interlock 
Bryant Electric Company No. jumper 
4600A (Federal stock No. 5930- plug. 


757-4130). 


259. Removal and Reinstallation 


The removal of the AN/FRA-14 is obvious 
when reference is made to the installation proce- 
dure given in paragraph 12 and figure 9. Access 
to the vacuum tube is made by removing the four 
screws which hold the cover containing recep- 
tacles Jl and J2. The opposite cover provides 
access to the remaining component parts. Be 
sure that all gaskets are in perfect condition and 
that covers fit snugly during reassembly to pre- 
vent moisture from entering the unit. 


260. General Precautions 


Do not change the setting of tuning capacitor 
C1 during troubleshooting; be careful when 


. working around inductor L1 to avoid moving it. 


Make a tube socket resistance check (fig. 170, con- 
tained in separate envelope) before applying 
power for troubleshooting. When removing the 
antenna, use two open-end wrenches, one on the 
nut under the antenna and the other on the outer 
nut, to prevent the stud from turning and break- 
ing the internal wiring. 


261. Troubleshooting Test Connections 


a. General. The test connections and methods 
of operating during troubleshooting are identical 
whether the unit is serviced on the pole or the 
test bench. On the pole, the source of 115-volt 
ac power is through cable W10 and fuse F401 in 
the RE-247/FRN-22 (fig. 16). During bench 
service, the 115-volt ac power is supplied through 
the cable fabricated in 6 below. 

b. Power Cable Fabrication. Obtain a suitable 
length of two-wire insulated #18 AWG cable 
and fasten to one end a connector that will mate 
with the receptacle of the shop source of 115 volts 
ac. Solder the opposite ends to pins A and B of 
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an AN3106A-16S-4S (same as P11 on cable W10, 
fig. 16). 

c. Use of Test Connections. When the servic- 
ing is performed at the pole, ac power to the 
AN/FRA-14 may be controlled by removing and 
inserting plug P401 in the RE-247/FRN-22 (fig. 
16) while the omnirange set is in operation. Place 
the ON-OFF switch on the monitor in the OFF 
position during all tests, if the omnirange set is 
to remain in operation. Remove plug P9 from 
receptacle J1 on the monitor. Open the rear door 
of the CY-1897/FRN-22, install two interlock 
jumpers in interlocks S801 and S802, and make 
all connections required to supply input power. 


262. General Troubleshooting Procedure 


a. Cable Troubleshooting. Cables W7 and W10 

may be checked for continuity as follows: 

(1) Cable W10. Disconnect plug P401 at 
receptacle J405 (fig. 16) of RE-247/ 
FRN-22 (plug P11 connected to the 
AN/FRA-14) and measure the resist- 
ance with multimeter leads between pins 
A and B. Resistance should be 550 to 
600 ohms. Measure from either pin A 
or B to earth ground; resistances should 
be infinite. 

Cable W7. Disconnect plug P9 at re- 
ceptacle J1 of the monitor (plug P401 
at the RE-247/FRN-22 removed) and 
measure resistance from center pin of 
plug P9 to the shell. Resistance should 
be 4,700 ohms +10 percent. Check re- 
sistance to earth ground for possible 
shorts. 

b. AN/FRA-14 Troubleshooting. 

(1) Refer to figure 170 and make voltage 
measurements with power supplied from 
the 115-volt ac source to receptacle J1 
of the AN/FRA-14. Voltages are taken 
with the multimeter with no signal in- 
put. 
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Section VI. AUDIO FREQUENCY AMPLIFIER AM—1246/FRN—20 TROUBLESHOOTING 


263. General 


The AM-1246/FRN-20 amplifiers, one for each 
transmitting equipment, are located in the CY- 
2274/F RN-22A, but their power supplies are lo- 
cated in the CY-1899/FRN-22 cabinets. For 
reasons of safety and accessibility, it is preferable 
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(2) Refer to figure 170 and measure tube 
socket resistance with no external con- 
nections to receptacles J1 or J2. a 

(3) Measure transformer T1 (fig. 204) re. 
sistances listed below with tube V1 re- 
moved and no external connection to. 
receptacles J1 or J2. > | 


vv 


Transformer terminals Resistance (ohms) 


= ee 


Te 2 La APO ae a aE ae 550 +20 percent. 


so 


to service the components on the test bench. Usé 
the information in this section to obtain a com-_ 
plete and accurate diagnosis of the trouble. Te 
avoid additional damage or difficulties in the unit 
be sure to complete the short and B+ tests (par 
2675) and perform a thorough visual inspectior 


5 +20 percent. | 
a | 
a 


(4) Inspect antenna, capacitor Cl, and in | 
ductor L1 for mechanical condition. 
Check antenna insulators for cracks and. 
examine other parts closely for evidence. | 
of moisture. Repair as required. 

c. Overall Operational Check. q 

(1) Connect plugs P10 and P11 to the AN/ 
FRA-14 mounted in its normal operat- | 
ing position and connect plug P401 to | 
eels J405 at the RE-247/FRN-292. 

(2) Use the multimeter to measure the out: | 
put. Set the FUNCTION switch to. 
DIRECT POSITION, use the 2.5 volt! 
range (20,000 OHMS PER VOLT DO}! 
connect the positive lead to the center | 
contact of plug P9, and the negative | 
lead to the plug shell. 

(3) With circuit breaker K1003 on the ane 
tenna pedestal closed, but neither omni-- 
range equipment energized, check the Ae 
contact potential. If over 0.1, volt, I 
place V1. i 

(4) Energize equipment No. 1 or No. 2; the | 
multimeter should indicate a stigtt in- 
crease in Vv As If there is no nore 


—- eS ae 


before applying power. If special-repair proce- 
dures are required after the trouble has been lo- 
cated, refer to chapter 5. 


Note. The output appears across the secondary of 
transformer T1403 in the PP-—1329/FRN—20 (fig. 240), 


| 264. Troubleshooting Reference Data 


The following list of illustrations will be useful 
jduring troubleshooting of the AM-1246/FRN- 
|20: 


| Figure No. Caption 


12 | Electrical Equipment Cabinet CY—2274/FRN- 
22A, component installation diagram. 
23 | Audio Frequency Amplifier AM-1246/FRN-20, 
tube locations. 
38 | Audio Frequency Amplifier AM-—1246/FRN-20, 
control locations. 
280 | Audio Frequency Amplifier AM-—1246/FRN-20, 
schematic diagram. 
171 | Audio Frequency Amplifier AM-1246/FRN-20, 
bench test setup. 
172 | Audio Frequency Amplifier AM-—1246/FRN-20, 
voltage and resistance diagram, 
206 | Audio Frequency Amplifier AM~-1246/FRN-20, 
interior view. 
207 | Audio Frequency Amplifier AM-—1246/FRN—20, 
rear view. 
208 | Relay adjustment data. 
292 | Audio Frequency Amplifier AM-—1246/F RN —20, 
wiring diagram. 


(265. Equipment Required 

a. Test Equipment. The test equipment re- 
quired for troubleshooting is listed below with 
jthe applicable technical manual and the common 
name assigned to each. 


Test equipment Technical manual Common name 


Qty Description Common name 

1 | Safety door switch (cap portion), | Interlock 
Bryant Electric Company No. jumper 
4600A (Federal Stock No. 5938- plug. 
757-4130). 

1 | Power Supply PP-1329/FRN-20__ 

1 | Cable, bench test, to J3_________- Test cable. 

l- Cable;bereh testto us ee ce Test cable. 

Is Juiiper wire: SPOR Ba. Sent ae Jumper. 


\Audio Oscillator TS- TM 11-2684A _| AF oscillator. 

| 382A/U. 

Electronic Multimeter 
TS-505/U. 

Electron Tube Test 
Set TV-2/U or. 


Electron Tube Test 


TM 11-5511___| vtvm. 
TM 11-2661___| TV—2/U. 


TM 11-5083___| TV—7/U. 


Set TV-7/U. 
Multimeter ME-77/U___| TM 11-6625-— | Multimeter. 
203-12. 
Oscilloscope, DuMont, |__-._.---------- Oscilloscope. 
Type 2559A. 
Voltmeter, Meter TM 11-5132___| AF vtvm. 
ME-30/U 


b. Additional Equipment. Additional equip- 
ment required is listed below with its common 
name, 


266. Removal and Reinstallation 

Although special techniques are not required 
in removing or replacing the AM-1246/FRN-20, 
care must be exercised to avoid contact with the 
high-voltage leads from the PP-1329/FRN-20. 

a. Removal. Disconnect the 115-volt ac power 
supply by opening the rear door of the CY-2274/ 
FRN-22A. Detach the plate caps from V4 and 
V5 (fig. 251). Disconnect the plugs from recep- 
tacles J3 and J4. Remove the trim strips and 
loosen the four screws at the sides of the front 
access panel. Withdraw the AM-1246/FRN-20 
from the cabinet. 


Warning: Before detaching the plate caps, 
discharge the capacitors in PP-1329/FRN-20 
located in CY-1899/FRN. 


b. Reinstallation. Replace the AM-1246/FRN- 
20 in the cabinet, tighten the four screws on the 
front panel, and replace the trim strips. Attach 
the plate caps to V4 and V5. Make the connec- 
tions at receptacles J3 and J4. If the other units 
in the CY-2274/FRN-22A cabinet are service- 
able, 115-volt ac power may be restored to the 
cabinet by closing its door. 

Warning: Insure that the PP-1329/FRN-20 
in the CY-1899/FRN-22 is not operating and 
that its capacitors are discharged before touch- 
ing the leads to V4 and V5. 


267. General Precautions 

Warning: Power Supply PP-1329/FRN-20 
furnishes 500- and 1,350-volt de plate voltage 
and 230 volts ac to the AM-1246/FRN-20. 


a. Controls. Two screwdriver adjustments (R1 
for LEVEL and R7 for OVERLOAD CON- 
TROL) and a phone jack (LEVEL MONITOR, 
which is plugged and not used) are located be- 
hind access holes in the front panel (fig. 46). Do 
not change the setting of these controls during 
troubleshooting unless specifically told to do so. 
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Refer to the note in the stage-gain chart (par. 
Bil )is 

b. Short and B+ Test. Before power 1s ap- 
plied, inspect to insure that the interlock switch 
is serviceable, receptacles for power input and 
output are in working order, and that all five 
tubes are properly seated in their sockets. With 
the component disconnected, and using figure 280 
as a reference, test for a short circuit in the 500- 
volt de line by measuring resistance with the 
multimeter between receptacle J3 (fig. 206) and 
the chassis. An infinite value of resistance should 
be obtained. If a finite value of resistance is ob- 
tained, check capacitor C2 and transformers T2 
and T3 for a defect before applying power. 

Note. Plate caps must be installed on V4 and V5 and 


the clamps should be locked around their bases before 
power is applied. 


268. Bench Test Setup 


a. General. The test setup is shown in figure 
171. The AF oscillator is adjusted in accordance 
with instructions in TM 11-2684A. The AF os- 
cillator and the AF vtvm require 115-volt 60-cps 
power for operation. 

b. Cable Fabrication. The connection between 
transformer T1403 of the PP-1329/FRN-20 and 
the plate caps of tubes V4 and V5 in AM-1246/ 
FRN-20 is furnished with the PP-1329/F RN-20 
(fig. 240). The connections between the AF os- 
cillator and the AM-1246/FRN-20 and between 
the multimeter and the terminals of transformer 
T1403 are furnished with the test equipment. 
The connections to receptacles J3 and J4 of AM- 
1246/FRN-20 and a jumper, however, must be 
fabricated as indicated in the chart below. 


Item and use Wire size Length 


Electrical plug connector, How- 
ard B. Jones Co. Part No. 
S318FHT, (Federal Stock 
No. 5935-295-4820) at J4. 

Electrical plug connector, 
James Millen Co. Part No. 
37001 (plug) (Federal Stock 
No. 5935-259-6810) at J3. 

Plug, AN3106B-36-1S, (Fed- 
eral Stock No. 5935-231- 
1744) at J1401 on PP-1329/ 
FRN-20. 

Wire, connections between PP-— 
1329/FRN-20 and J3 and 
J4 (amplifier and power sup- 
ply separated about 2 feet). 


#18 AWG__-__| 8 ft. 
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c. Amplifier Power. The PP-1329/FRN-20 is _ 
used with the AM-1246/FRN-20 under normal 
operating conditions and is the best power source _ 
for bench testing the unit. It is not considered 
practicable to build a substitute that would, nec- 
essarily, be an exact duplicate of the PP-1399/ 
FRN-20. 


ad. Test Procedure. 


(1) Remove the AM-1246/FRN-20 from a Q 
cabinet (par. 266). ! 


(2) Connect the AF oscillator to the AM- 
1246/FRN-20 and the multimeter to 
PP-1829/FRN-20 (fig. 171). 


(3) Connect the PP-1329/FRN-20 to the 
AM-—1246/FRN-20 at receptacles J3 and 
J, a 


(4) Install the interlock jumper plug and 
the jumper. 


(5) Apply 115 volts ac to pins U-V a 
M-N and 230 volts ac to pins G-S of 
J1401 in the PP-1329/FRN-20 (fg 
240). 


269. Localizing Troubles 


a. Preliminary Operational Check. To preven’ 
the introduction of additional troubles, check the | 
test setup for secure and correct connections (fig. 
171). Connect the AM-1246/FRN-20 to the 
PP-1329/FRN-20 power supply and apply the 
ac operating voltage. Apply a 1.5-volt signal 
input at terminals 2 and 3 of receptacle J4 (fi 
206) and, after a warm-up period, check for suc 
defects as an overheated transformer, smokin 
components, cold tubes, blown fuses in the PP. 
1329/FRN-20 and chattering in overload rela 
S2. If there is no output from relay K901 i 
the O-371/F RN-20 (fig. 211) when in the cabine 
but if it functions properly on the test bench th 
AM-1246/FRN-20 (fig. 207) may not be shorti: 
bias resistor R6 in the amplifier. (Resistor Ri 
is shorted out in the test setup.) 


b. Use of Chart. To use the chart, check th 
Indication column for the trouble symptoms ob 
served, note the probable troubles that may exis 
and apply the corrective procedure given for tha 
trouble, observing all paragraph references. 


AUDIO OSCILLATOR 
TS-382A/U 


AUDIO FREQUENCY 
AMPLIFIER v4 
AM-1246/FRN—20 


PLATE CAP LEADS 
FURNISHED WITH 
POWER SUPPLY 


11I5V AC 


Se ar POWER SUPPLY 


PP-1329/FRN-20 


MULTIMETER 
ME-77/U 


FROM TI403 


A. TEST CONNECTIONS 


JI401 (NOTE 1) (NOTE 2) J3 
; ! Naas 
> TEST POINTS 

(NOTE 3) J4 


ol 


TETET EY 


re) 


115V 
AC 


OSCILLATOR 
TS-382A/U 


yn ow £ OA 


FROM AUDIO { 


! 


) Oa 2. tier 1 TS OP S 


LEStts Tit rdd 
| 


B. CABLE FABRICATION 


NOTES 
|. CONNECTOR, PLUG, AN3I06B—36-IS (SAME AS PLUG PI808) 
2. CONNECTOR, HV TYPE, 1! PIN J.MILLEN CO. #37001 (SAME AS PLUGS 
PI9IO AND P1914). 
3. CONNECTOR, PLUG, H.B.JONES CO. #S3I8FHT (SAME AS PLUGS PI909 
AND P1913) 
4. CABLE LENGTH AS REQUIRED, USE #18 AWG STRANDED WIRE 


TM215-216 


Figure 171. Audio Frequency Amplifier AM—1246/FRN-20, bench test setup. 
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c. Audio Frequency Amplifier AM-1246/FRN-20, Troubleshooting Chart. 


Item Indication Probable trouble Procedure 
1 | Filaments of V1, V2, and V3 do | Defective transformer T4_--- --- Check T4 (par. 272). 
not light. 
2 | Filaments of tubes V4 and V5 do | Defective transformer T5_-_----- Check T5 (par. 272). 
not light. 
SaleN Gout puts serene see Detective stager-t-e es see. Make signal tracing test to localize the stage | | 
(par. 270). Make voltage and resistance | 
measurements (par. 272). 
Bue LOW OUtpUtD ee Defective stage..2. 55.5 meee Make stage-gain measurements (par. 268). 
Make voltage and resistance measure~ ‘a 
ments (par. 272). 
Check adjustment of R1 (fig. 207). 
OME Distorved OutpUteess soe ee Defective stages... 2-2 2 2s _Make signal tracing test. Use the oscillo- | 
scope to localize the stage causing dis 
tortion (par. 273c). Isolate defective | 
part by substitution (par. 273). 


270. Signal Tracing 


a. General. Signal tracing is used to locate a 
defective stage, especially when there is no out- 
put. Ifthe unit has low output, use stage-gain 
procedures (par. 271). 

6. Procedure. Connect the equipment (fig. 
171), and adjust the AF oscillator to 1.5 volts at 
60 cps. After a warmup period, connect the AF 
vtvm across the test points indicated in the chart 
below, in the order of steps given, to determine 
the defective stage (the test point where the nor- 
mal reading is not obtained). 


Normal 


Step Input connections Input Test points reading 
(v ae) (v ac) 

1 | 2 and 3 of J4___| 1.5.| Pins 1. and 4 of 0. 6 
V1 (fig. 207). 

2 | 2 and 3 of J4___| 1.5 | Pins 3 of V2 and 11 
\V83, 

3 | 2 and 3 of J4___| 1.51 Pins 3 and 4 of 28 
V4 and V5. 

4 | 2 and 3 of J4___| 1.5] Plates of V4 and 1, 500 
WR 

5 | 2 and 3 of J4___| 1.5 | Secondary of 215 
T1403 (fig. 240). 


271. Stage Gain 

Use the procedures below to locate a defective 
stage when the output is low. 

a. Connect the equipment as shown in the test 


setup (fig. 171), apply power, and allow the Ssys- 
tem to warm up. 


b. Stage gains for the indicated inputs and test 
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connections are shown in the following chart. | 
Observe the note in the chart below before mak- | 
ing measurements. Apply the inputs, take meas- | 
urements at the indicated test points in the order 
given, and calculate stage gains. If gains are | 
low, check the applicable tube (par. 227), volt-. 
ages and resistances (par. 272a), and transformer | 
de resistances (par. 2720). q 


Step Input connections Input Test points Stage — 
(v ac) gain} 


1 | 3 and 4 of V4| 28 | T1403 secondary..| 4am 


and V5. ! 
2 | 3 of V2 and V3__| 11 T1403 secondary_| 10.4 
3 | land 4of V1___| 0.6 | T1403 secondary_| 191 
4 | 2 and 3 of J4____| 1.5 | T1403 secondary_| 76.6 


Note. Place the LEVEL control (R1) in the full clockwise position and 
the OVERLOAD control (R7) in the normal operating position. 


272. 


a. Voltage and Resistance Measurements. Be- 
fore using figure 172, contained in separate envel- | 
ope, read the notes carefully in order to set up 
the test conditions which must be duplicated to 
obtain valid measurements. The voltage and re- 
sistance measurements in figure 172 are used to. | 
isolate faulty parts after a defective stage has been. 4 
located. When the defective part is located, 
check associated parts to determine whether an- | 
other part caused the failure. (A shorted capaci- 4 
tor can overload an associated resistor.) 

b. Transformer Resistance. The de resistances | 
in the chart below are used to isolate a trans- | 


Isolating Trouble ‘ 


former that is open or shorted. Connect the ohm- 
meter test prods across the terminals shown. 


Transformer Terminals Resistance 
(ohms) 
T1 (fig. 206) _____ ot LE een el arama 45, 
SOME see ie So ae ee 45. 
Pa)" PAE Sy gilli cana 1,400. 
SS fie re 1,400. 
T2 (fig. 206) ____- PRB specail tyicetuan 785. 
a4: }s Ne oe ae a 1,570 
CO aoa erie 1,000 
Cha ewe beta rte cat AO: 2,000 
ae f= 2 eee eee ere en 85. 
ao Lees. SERS ES BUEN 170 
a) NR oe 2) en eae 16 
LEG ee ee eee 32. 
ee G25 OU Eemree Macee oe ey oe 183. 


Across 6.3-volt winding_| Less than 1. 
Across 6.3-volt winding_| Less than 1. 
ee e200 eer eee ee hos us 18, 

Across 10-volt winding_-_| Less than 1. 


273. Additional Troubleshooting Data 


a. Tube Substitution. Under unusual circum- 
stances, and even though tubes may have been 
tested with the tube tester, it may be necessary 
to resort to tube substitution (one or more tubes) 
to be certain that a tube is not the cause of trouble 


in a defective stage. Never leave a new tube in 
the socket if the unit operates satisfactorily with 
the original tube. 


Warning: Before removing V4 and V5, use 
a tool with an insulated handle to short their 
plate caps to the chassis. 3 


s 

6. Parts Substitution. Another procedure to 
use for hard-to-find difficulties is the substituting 
of parts that are known to be functioning prop- 
erly for suspected parts. Be sure to disconnect 
the suspected part before connecting the tempo- 
rary part. Do not leave the new part in the unit 
unless it corrects the difficulty. 

c. Other Information. Tf replacement of ca- 
pacitor C2 does not correct a distorted signal, 
refer to the instruction book for use of the oscil- 
loscope (par. 265) in locating the trouble. Sub- 
stitute the oscilloscope for the AF vtvm at the 
test points used in signal tracing (par. 269) or 
stage-gain measurements (par. 271). Synchron- 
ize the horizontal sweep of the oscilloscope at 30 
cps, and use the vertical deflection amplifier input 
at the signal tracing or stage-gain test points. 

d. Repair and Test. For instructions on spe- 
cial techniques to be used in repair of the ampli- 
fier, see chapter 5. For the final test procedures, 
refer to chapter 6. 


Section VII. AUDIO FREQUENCY AMPLIFIER AM-—1247/FRN—20 TROUBLESHOOTING 


274. General 


The AM-1247/FRN-20 should be serviced with 
the bench test setup described in this section. For 
accessibility it is impracticable to attempt the 
work in the cabinet. Use all information in this 
section in the order given to provide a complete, 
quick, and accurate diagnosis of the faulty unit. 
Always complete the short and B+ checks con- 
tained in this section and perform a thorough 
visual inspection before applying power to avoid 
further damage to the unit. When the trouble 
has been located, refer to the appropriate para- 
graph of chapter 5 for any special repair proce- 
dures. 


275. Troubleshooting Reference Data 


The following list of illustrations on chart will 
be useful during troubleshooting of the AM- 
1247/FRN-20. 


Fig. No. Caption 


Electrical Equipment Cabinet CY- 
1826/FRN-20, front view with 
components installed. 

LO: See Radio Transmitting Set AN/FRN- 

22A, cording diagram. 

DG ee see ee Audio Frequency Amplifier AM-—1247/ 

FRN-20, tube, fuse, and control 

locations. 

DY fe teeacert asec Audio Frequency Amplifier AM-— 

1247/FRN-20, schematic diagram. 

Vise eee Audio Frequency Amplifier AM-—1247/ 

FRN-20, bench test setup. 

Vide ee ee Audio Frequency Amplifier AM-—1247/ 

FRN-20, voltage and resistance 

diagram. 

209. eee Audio Frequency Amplifier A M-—1247/ 

FRN-20, interior view. 

DIOS tees Audio Frequency Amplifier A M-—1247/ 

FRN-20, rear view. 
pd Sf Net eae ra we Audio Frequency Amplifier AM-—1247/ 
FRN-20, wiring diagram. 


5 (TM 11-5825- 
205-12). 
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276. Equipment Required 

a. Test Equipment. The test and other equip- 
ment required for troubleshooting is listed below 
with the applicable technical manual and com- 
mon name assigned to each. 


Test equipment Technical manual Common name 

Audio Oscillator TS-— TM 11-2684A_| AF oscillator. 
382A/U. 

Electronic Multimeter | TM 11—5511___] vtvm. 
TS-505/U. 

Electron Tube Test Set | TM 11-2661___| TV—2/U. 
TV-2/U or 

Electron Tube Test Set | TM 11-5083___| TV—7/U. 
TV-7/U. 

Oscilloscope, DuMont, |____________-_- Oscilloscope. 
type 2559A. 

Multimeter ME-77/U__| TM 11-6625-— Multimeter. 

203-12. 

Voltmeter, Meter ME- | TM 11-5132___| vtvm. 

30A/U. 


b. Additional Equipment. The additional equip- 
ment required to troubleshoot the AM-1247/ 
FRN-20 is listed below with its common name. 


Qty 


Description Common name 


1 | Resistor, 500-ohm, 2-watt +10%__| Dummy load. 


277. Removal and Reinstallation 

Special techniques are not required for removal 
or reinstallation of the AM-1247/FRN-20 and its 
component parts. Contact with the 115-volt 
power, however, must be avoided. 

a. emoval. Disconnect the power supply ca- 
ble W22 from the 115-volt ac wall outlet. Loosen 
the two screws near each end of the front access 


Measurement points Nominal resistance (ohms) 


Between junction of C7, L2, and 


200K (2520%) a ismen.. 
R15 and chassis (fig. 253). 


279. Bench Test Setup 


a. Connect the AM-1247/FRN-20 and test 
equipment as shown in figure 186. Adjust the 
oscillator in accordance with instructions in TM 
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panel (total of four screws). Withdraw the | 
AM-1247/FRN-20 from the remote control = at | 


Area | 

6. Reinstallation. Insert the AM-1247/F RN-| 
20 halfway into the cabinet. Connect input cable’ 
W20 at J1, output harness W21 at J2, and power 
cable woo at J3. Thread the other ih of cable 
W22 through the slot at the lower rear portion } 
of the cabinet. Push the AM-1247 to the rear of. 
the cabinet and tighten the four screws at the 
ends of the panel. 


Warning: Do not connect the power cable to 
the wall outlet until ready to put the entire 
cabinet into service. 


278. General Precautions 


Caution: Do not apply high-level audio input | 
signals to receptacle J1 unless the AM-1247/ 
FRN-20 output is connected to its normal or) 
dummy load. Make all resistance measure- | 
ments with all external connections removed, | 
and momentarily short resistance measure- | 
ment points together before measuring resist- | 
ance to protect the multimeter from charged 
capacitor voltages. H 


a. Controls. Do not change the settings of 
input level control R1 or threshold level control. 
R16 unless specifically instructed to do so (fig. 
26). | 

6. Short and B+ Test. Perform the retin 
inary short and B+ check with the multimeter | 
as shown in the chart below. Refer to the tech- | 
nical manual for the multimeter for correct oper: | 
ating procedure. - 


| 


Abnormal] indication Corrective measure 


Check C7 for short. 

C7 leaky, C8 shorted or leaky, 
transformers T2, T3, and Te 
shorted. 

R2, R3, R4, R15, or R16 open. 


Zero resistance 
Low resistance 


Ssutneeer 


11-2684A. The AF oscillator, AF vtvm, and the 
AM-1247/FRN-20 will require a source of 115- 
volt, 60-cps power for operation during trouble- 
shooting. 


| 
i 
| 
| 


AUDIO FREQUENCY 


AMPLIFIER 
AM-1247/FRN-20 


PART OF 
CABLE W22 


b. Use a male plug, American Phenolic Co. 
|part No. 91MC4M (same as P2 in fig. 16) and 
make up the test plug by connecting the 500-ohm 
9-watt output load resistor between terminals 1 
land 4. Use male plug, American Phenolic Co. 
|part No. 91MC3M (same as P1), and make up a 
test plug by soldering two 3-inch pieces of wire 
ito contacts 1 and 3 to connect the audio oscillator. 
|The cord supplied with the AM-1247/FRN-20 is 
jused to connect it to the power source. 


280. Localizing Troubles 

| a. General. The troubleshooting procedures for 
ithe AM-1247/FRN-20 are divided into three sec- 
jtions: power supply, amplifier stages, and age 
jstages. Further procedure localizes the defective 
stage and isolates the defective part. Unusual or 
jelaborate procedures are fully described in the 
/paragraph reference given in the troubleshooting 
chart. 

b. Preliminary Operational Check. When the 


ELECTRONIC 
MULTIMETER 
TS-505/U 


(NOTE 1) AC oe 


AUDIO OSCILLATOR 
TS-382A/U 


(NOTE 2) 


NOTES 
1. CONNECTOR PLUG, (AMPHENOL) 9IMC4M (SAME AS PLUG P2) 
?. CONNECTOR PLUG, (AMPHENOL) 9IMC3M (SAME AS PLUG PI) 
3. USE #20 AWG STRANDED WIRE FOR CONNECTIONS . 
TM215—218 


Figure 178. Audio Frequency Amplifier AM-1247/FRN-20, bench test setup. 


bench test setup connections are completed (par. 
280), energize the AM-1247/FRN-20 and test 
equipment. Allow warmup time while visually 
checking for possible conditions which require 
correction before performing the troubleshooting 
procedures. Adjust the AF oscillator output for 
1 millivolt at 1,000 cps, and remove V5 from its 
socket for all tests in the chart unless otherwise 
specified. Normally, the output signal from the 
AM-1247/FRN-20 will be 1.8 volts ac. 

c. Use of Chart. Review each item in the order 
given. If previous operational information indi- 
cates the early steps of the chart are normal, pro- 
ceed to the step where the first doubtful condition 
occurs. When in doubt, start with the first step. 
Check the indications against the Zndication and 
Probable trouble columns, and then follow the 
procedure outlined in the Procedure column to 
eliminate the probable causes one by one. Care- 
fully observe all figure and paragraph references 
to insure a complete check of each item. 
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d. Troubleshooting Chart. 


L es ——W TT —_________ 
1 | Filaments do not light_________- Blownituse 2 5. eet) eee Check fuse F1 (fig. 210). | 
: Check transformer T5 (par. 283). i 
2\“No~signal output with V5 re-'|"No B+ 232.... 58 3@2.2_ 2.000 Check V7. i 
moved. Make voltage and resistance measure-: 
ments at V7 (fig. 174). i 

Defective amplifier stage_______ Make signal tracing check (par. 281). 
Make voltage and resistance measure-. 
ments (fig. 174). 
3 | Low signal output with V5 re- | Defective amplifier stage_______ Make stage-gain measurements (par. 282). 
moved. Make voltage and resistance measure-. 
ments of defective stage (fig. 174). | 
4 | Distorted signal output________- Defective amplifier stage. _..____ Make stage-gain or signal-tracing checks, | 
using oscilloscope (par. 284c). | 
5 | Low or no output with tube V5 | Defective age stage._._________ Check tube V5. : 
installed. Make voltage and _ resistance measure-| 
ments at V5 (fig. 174). 
Check resistor R17 (fig. 209). | 
Check capacitor C6 by substitution. 4 
Check transformer T4 (par. 283). i 
Check adjustment of R16 (par. 88). | 
6 | High signal output with V5 in- | Defective age amplifier_________ Check V6. 
stalled. Make voltage and resistance measure- | 
ments at V6 (fig. 174). } 
Check V5. as 
Make voltage and resistance measure-| 
ments at V5 (fig. 174). =, 


281. Signal Tracing 


a. Signal tracing is a quick and effective method 
by which a defective stage may be located in the 
AM-1247/FRN-20 when there is no output sig- 
nal. If a weak signal passes through, and can 
be indicated on the AF vtvm across the dummy 
load, use stage-gain measurements (par. 282) 
instead of signal tracing methods. 

6. Make connections as outlined in paragraph 
279 and adjust the AF oscillator for 1,000 micro- 
volts at 1,000-cps. When the equipment has 
stabilized, connect the common lead of the AF 
vtvm to the chassis and the other lead to the 
tube socket pin indicated in the Test point col- 
umn of the chart. Tube V5 must be removed 
from the socket during signal tracing. Start 
with step No. 1 and progressively check through 
each step; the point where no signal is available 
indicates the defective stage. When the stage 
is located, return to the troubleshooting chart 
(par. 280) for further isolation procedures. 
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Step Test point Stage checked 
No. 
I | Pin 3, Vi Gigs 209)ar at: Input ampl V1. 
201 Ripe, Vice eee, eee __| Input ampl V2. 
3 | Pin 2, V3......._ chee 2d ampl V3. 
Bind, Vdd ait ok. ee. EB 
AL PADS 2s, VA cet ee ee Output ampl V4. | 
Pin’, Vas ae Vis SER - Ff 
Of) UPI, Vite “Sears * Age ampl V6. 
Pin 5, V5 


282. Stage Gain 


a. Use these stage-gain troubleshooting proce- | 
dures to locate the defective stage in a weak | 
AM-1247/FRN-20. Connect the equipment as | 
instructed in paragraph 279 but do not connect | 
the AF oscillator. Apply power to all equip- 
ment and turn both controls R1 and R16 (fig. 
210) fully clockwise (shaft end view). Remove | 
V5 from the socket. 


b. Connect the AF oscillator as indicated in 
step 1 of the chart below and set for 1,000 eps. 
Adjust the AF oscillator output for an AF vtvm 
reading of 2.0 volts ac across pins 1 and 4 of 
| receptacle J2. Note the output and compare it 
} with the chart. Proceed through the steps until 
more than normal voltage is required to obtain 
| a 2.0-volt ac output. This will indicate the de- 
| fective stage. 


Step AF oscillator connected to AF oscillator | Stage 


No. output (volts) | gain 
1 | Pins 1 and 4 of V4 (fig. 209)_____ 1.09 1.8 
Paipkinssieand 4 of V3_...-.- =... 0. 055 19. 8 
Bale bins 6 of Vi and 8 of V2____.._-_ 0. 012 4.5 
Pamems 2 and o Of. Jl. 2 0. 0008 | 15. 4 


ce. Check the automatic gain control section of 
| the AM-1247/FRN-20 by inserting V5 and con- 
| necting the equipment as shown in figure 173. 
| Set the AF oscillator for an output of 0.0008 
| volt at 1,000 cps and adjust threshold control 
R16 (fig. 26) to reduce the amplifier output to 
1.73 volts ac on the AF vtvm. Gradually in- 
| crease the af oscillator output to 1.7 volts; the 
AM-1247/FRN-20 output should not exceed 3.2 
| volts ac. If the output is not held to limits, 
| trouble is in age amplifier V6 and/or age de- 
tector V5. 


| 283. Isolating Trouble 


a. Voltage and Resistance Measurements. When 
| the defective stage is located, make voltage and 
| resistance measurements and compare the values 
| obtained with those shown in figure 174, con- 
tained in separate envelope to aid in isolating the 
| defective component parts. When a defective 
| part is found, check further to determine whether 
another part caused the failure. H’wample: if a 
resistor is open, check for a shorted capacitor or 
| an overload condition. Observe all the notes in 
| figure 174 for test conditions. 

b. Transformer and Reactor Resistance. 'The 
| data listed in the chart below will be useful in 
isolating defective transformers and_ reactors. 
In addition to checking the resistance values 
shown in the chart, check the resistance between 
windings. Any resistance readings below in- 


finity at these points indicate internal leakage, 
and the part should be replaced. 


Transformer or reactor Connection points Resistance 
(ohms) 

Tek: igs 200 ope! Reactor leads _ _-_--_- 300 
L2*(ig= 209) 622523 Reactor leads_______ 1, 312 
Dinhe< 210) ea ae Bro-vyelseae sae san 30 
Redeye eS 10 

Red-yvelx 22) 20, oan 2 20 

Orneblut eee = ees 30 

Orn-prn.. 28. a 20 

Grneblie 26 sis 5 ee. 10 

Wio-wits 32 4 2, 400 

MiOf oy... Se ee ae 1, 200 

GYeWhtss lentes 1, 200 

12g 200) ae eer GEO 28 EL os 6, 500 
GaGa es ah eae 13K 

Pe Bega sete caot heeeeen ee 775 

Jered cege an ee ee Oe S 1, 550 

ADSI Gas, CAO) ok 12 2 ee ee eee 1, 250 
jes Pees tbh! Pacer Beye. 2, 500 

Aah AN) Seee le CESS AT. 30 

Lee ee ee we 60 

TA (ig. 210) aaa GSCe. Beem rae oes 6, 500 
GEGes ee. eee ee 13K 

PBS See ae eee 775 

PEP tae . See Se SES. 1, 550 

TS; (fig 210) Pees ee- Bik-blkgassepueees 5 
Red-red yel______-_-- 115 

Red-rede cece samen es 230 

i Velowel ctiealh. 108 bee Less than 1 

Grn-grn yel_________ Less than 1 

Grn-grn Fo. 2522 Be Less than 1 


284. Additional Troubleshooting Data 


a. Tube Substitution. Although tubes of the 
AM-1247/FRN-20 may have been tested pre- 
viously in the tube tester, it may be necessary 
to resort to tube substitution to be absolutely 
certain that tubes are not the cause of the trou- 
ble. Do not leave new tubes in if substitution 
does not correct the trouble. 

b. Parts Substitution. Parts substitution may 
also reveal the defective part when other tests 
fail. Always disconnect the suspected part be- 
fore temporarily installing the substitute purt. 
Do not leave the substitute part in unless it 
corrects the trouble. 

c. Other Information. Use of the oscilloscope 
at the same test points as the AF vtvm during 
signal-tracing or stage-gain checks is advan- 
tageous when troubleshooting for distortion. 
Consult the oscilloscope instruction manual. Use 
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the vertical deflection amplifier input at the test 
points and synchronize the horizontal oscilloscope 
sweep at 500 cps. 


d. Repair and Test. Refer to chapter 5 for 1 
special repair techniques and to chapter 8 for | 
final test procedures. | 


Section VIII. AUDIO FREQUENCY OSCILLATOR O-371/FRN—20 TROUBLESHOOTING 


Warning: High voltages are present in this component. Be careful when working inside the | 
chassis. Avoid physical contact with exposed terminals and parts. Use standard safety pre- | 


cautions when measuring high voltages. 


285. General 

a. The O-871/FRN-20 supplies a 50- or 60-cps 
audio voltage to AM-1246/FRN-20, which am- 
plifies it to a level sufficient to operate the 
goniometer motor. When the main power source 


287. Equipment Required 


for troubleshooting is listed below with the ap- 4 
plicable technical manual and common name | 
assigned to each. j 


for the omnirange equipment has a frequency 

of 50 eps, this oscillator is adjusted to furnish a est epiement -Peichniéal:vassivad ameseee ae 
60-cps signal to the AM-1246/FRN-20." When (9 

the power source frequency is 60 cps, the oscil- —_ wuttimeter ME-77/U_.| TM 11-6625- 
lator output is adjusted to deliver a 50-cps signal. 203-12. 
There are two O-371/FRN-20 oscillators in the TM 11-5511___| vtvm. 


Multimeter. 


Electronic Multimeter 


omnirange set (one for each equipment). TB-505/U. 

b. The O-871/FRN-20 can be serviced in the ‘Givens Ghai Sa Seay ieee 
cabinet, but removal and troubleshooting at the Electron Tube Test Set | TM 11-2661__- TV-2/U. 
test bench is recommended for safety and con- TV—2/U or 
venience. Electron Tube Test Set | TM 11-5083___| TV-7/U. 

TV-7/U. 


ap 
4 


286. Troubleshooting Reference Data 


The following list of illustrations will be use- 
ful during troubleshooting. 


b. Additional Equipment. The additional _ 
equipment required is listed below with its com- | 


man name. 
Fig. No. Caption 
Qty Description Common name 
12 | Electrical Equipment Cabinet CY-2274/FRN- ‘|. 
22A, component installation diagram. 1 | Tool Equipment TE-113____- Tool kit. 
22 | Audio Frequency Oscillator O-371/FRN-20, 1 | Bench test cable (par. 290)___| Test cable. \ 
tube, fuse, and thermal relay locations. 1 | Connector, Plug—H. B. Jones | Output plug. a 
37 | Audio Frequency Oscillator O-371/FRN-20, No. P410 CCT (Federal ae 
control locations. Stock No. 5935-—258-4820). 
279 | Audio Frequency Oscillator O-371/FRN-20, 1 | Connector, Plug—H. B. Jones | Power plug. 
schematic diagram. n No. 8410 CCT (Federal 
175 | Audio Frequency Oscillator O-37 1/FRN-20, Stock No. 5935—-231-8185). 
bench test setup. 1 | 500-ohm 2-watt resistor,| Output load 
176 |. Audio. Frequency Oscillator O-371 /FRN-20, +20%. resistor. 
voltage and resistance diagram. 2 | 500,000-ohm 2-watt resistors__| Control voltage. 
211 | Audio Frequency Oscillator O-371/FRN-20, load resistors. 
exterior view. 2 | 0.5-microfarad, 400-volt ca- | Blocking capaci- 


212 | Audio Frequency Oscillator O-371/FRN-20, 
interior view. 

213 | Audio Frequency Oscillator O-371/FRN-20, 
rear view. 

295 | Audio Frequency Oscillator O-371/FRN-20, 
wiring diagram. 


pacitors (type not critical). tors. 


288. Removal and Reinstallation 


a. Removal. Refer to figure 16 and remove 4 
plugs P1907 and P1908 or P1911 and P1912, de- — 
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pending on which equipment (No. 1 or No. 2) 
| is being serviced. Remove the cabinet trim strips 
(fig. 11) and the four chassis mounting screws. 
Withdraw the O-371/FRN-20 from the cabinet. 
b. Reinstallation. Replace the O-371/FRN-20 
in the cabinet and tighten the four chassis mount- 
ing screws. Replace the cabinet trim strips and 
connect plugs P1907 and P1908 or P1911 and 
P1912 to the appropriate receptacle (fig. 16). 


| 289. General Precautions 

a. Do not change the settings of the OSC 
| FREQ or REGULATOR controls unless specifi- 
cally instructed to do so in this section. 

b. Before applying power to the component, 
inspect it visually to insure that receptacles for 
power input and output are in working order 
and that all tubes are properly seated in their 
sockets. With the O-371/FRN-20 disconnected, 
and using figures 279 and 213 as a reference, test 
for a short circuit in the B+ circuit by measur- 
ing with the multimeter between the point indi- 
eated in the following chart and chassis ground. 


Resistance Procedure 


(ohms) 


Measurement points 


If resistance varies 
more than 20 per 
cent, check C905, 
C911, C912, R907, 
R918, R920, R921, 
R923, and R924. 


Junction of L902 and 50K 
C912 to chassis. 

Pin 1 of V905 to 50K 
chassis (fig. 211). 

} Pin 6 of V901 to 

chassis. 


1.1 meg 


e. When a part has failed, be sure to check the 
associated parts. They may be responsible for 
the failure or may have become defective as a 
result of the failure. 

d. Correct all known defects before applying 
power. Do not apply power if there are indica- 
tions that energizing the unit will cause addi- 
tional damage. 

é. When troubleshooting the O-371/FRN-20 
in the cabinet, interlocks S1903 and $1904 (fig. 
227) must be disabled with jumper plugs. Be 
extremely careful when working in cabinets 
where interlocks are disabled, because they will 
no longer protect personnel from high voltages. 


290. Bench Test Setup 


a. General. Connections for bench testing the 
O-371/FRN-20 are shown in figure 175. Power 
sources required are listed below. Each is to 
be provided with adequate switching facilities 
to control application of power. 

(1) A 230-volt 50- or 60-cps ac source. 

(2) A 50- or 60-cps ac source, capable of 
being varied from 95 volts to 130 volts. 

(3) A 115-volt 50- or 60-cps ac source. This 
voltage is needed only to test relay cir- 
cuits and need not be applied during 
other bench test procedures. 

b. Cable Fabrication. Connecting leads for 
the multimeter, vtvm, and frequency meter are 
furnished with the test equipment. The test 
cables for the O-371/FRN-20 must be fabricated 
as indicated in B, figure 175. 

c. Additional Test Connections. Make the fol- 
lowing additional, test connections before starting 
the troubleshooting procedures. 

(1) Provide a suitable mounting for the 
two 500,000-ohm 2-watt resistors and 
the two 0.5 microfarad capacitors. 

(2) Join the resistors and capacitors in a 
series string with the two resistors in 
the center. 

(3) Connect the free ends of the two capaci- 
tors to the variable ac voltage source. 


291. Localizing Troubles 


a. As a preliminary step, all tubes should be 
tested. 

6b. Make a preliminary operational check be- 
fore going into the troubleshooting procedures. 
With bench test connections made according to 
figure 175, apply the 230-volt ac power and the 
115-volt ac relay voltage. Be alert for signs of 
overload, such as fuses blowing and burning 
sounds or smells; shut off power immediately 
if there are such signs. 

c. During operational testing, observe relay 
operation. Thermal relay K902 (fig. 211) should 
operate 51 to 69 seconds after the relay voltage 
is applied. Motor control relay K901 (fig. 211) 
should operate immediately after K902 operates. 

d. The procedures in the following trouble- 
shooting chart will localize trouble to a stage. 
Isolation of the defective part within that stage 
is covered in paragraphs 292 and 293. 
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AUDIO FREQUENCY 
OSCILLATOR 
J9OI 0-371 /FRN-20 


11I5V AC 
50/60 ™\ 


230V AC 
50/60 
.05 500K | 500K 05 
UF AS 2w Oo 2Ww UF 
VARIABLE VOLTAGE E 
95V AC TO I35V AC AC PROBE 
BA Er Desc 


ELECTRONIC 
MULTIMETER 
TS— 505/U 


MULTIMETER 
ME-77/U 


FREQUENCY METER 
FR-67/U 


115V AC 
60% 


A. TEST CONNECTIONS 


(NOTE 1) PART OF J90I 


—— 
(NOTE 3) $00 | | 
B 4 > 


| (NOTE 2) PART OF y902 
#14 AWG (sé 
aa ac #14 AWG 
UF HK CH 
18_AW 
# G s<4 


VARIABLE AC VOLTAGE #18 AWG 
90V AC TO 135V AC E 6€}— 
#18 AWG 
— 8 : 


ae 

05 ee Ae tive C4 
LISY, acd #14 AWG egy aul 

oaks 

Es 


B. CABLE FABRICATION NOTES 


|. CONNECTOR, PLUG, HB JONES #P4IOCCT (SAME 
AS PLUGS PI907 AND PI911) 


2. CONNECTOR, PLUG, HB JONES #S4IOCCT (SAME 
AS PLUGS PI908 AND PI912) 


3. ALPHABETICAL DESIGNATIONS DENOTE TEST 
POINT CONNECTIONS . 
4. CABLE LENGTH AS REQUIRED . 


TM215-220 


Figure 175. Audio Frequency Oscillator O-371/F RN-20, bench test setup. 
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Item Indication Probable trouble Procedure 
fimo sical OuLputl <2 £222 No B+ from power supply___| Check tubes and fuses (fig. 213). 
Check L902 resistance (par. 2945). 
Check L901 resistance (par. 294). 
Check C912 leakage. 
Check C911 leakage. 
Check T902 (par. 2946). 
Trouble in age detector V906 | Remove V906 from its socket. 
stage. If this restores signal, check regulator V905 
output. 
If removing V906 from socket does not restore 
signal, check voltage and resistance of age 
detector V906 stage (fig. 176). 
Trouble in control amplifier | If removing V906 from socket does not restore 
V903 stage. signal and agc detector circuit checks normal, 
check voltage and resistance of control 
amplifier V903 (fig. 176). 
Trouble in oscillator V902 | If the control amplifier circuit checks normal, 
stage. make voltage and resistance measurement of 
oscillator and oscillator detector (V902) 
circuits (fig. 176). 
2 | Low signal output___..____._- owe swoltage... 0502 * Check C912 for leakage. 
Check C911 for leakage. 
Check T902 for open secondary (fig. 176). 
Trouble in age detector V906_| Remove age detector tube V906 from socket. 
If removing V906 raises signal output, check 
voltage and resistance of V906 (fig. 176). 
If V906 checks normal, check regulator V905 
voltage and resistance (fig. 176). 
Trouble in control amplifier | If removing V906 from socket does not raise 
V903. signal output, check V906 voltage and 
resistance (fig. 176). 
Trouble in oscillator V902 | If V906 checks normal, check oscillator 
stage. cathode follower V902 voltage and resistance 
(fig. 176). 
If V902 checks normal, check V902 voltage 
and resistance (fig. 176). 
S ) High signal output__.._____-_- Trouble in voltage regulator | Check V905 voltage and resistance (fig. 176). 
V905. 
Trouble in age detector V906_| Check V906 voltage and resistance (fig. 176). 
4 | No change in output voltage | Age circuit not functioning___| Check V906 and resistance (fig. 176). 
with variation in variable ac 
input. 
5 | Relay circuits do not function__| Thermal relay K902 defective_| Apply 115-volt ac relay voltage to terminals 8 
and 9 of J902 (fig. 213). 
After delay of 51 to 69 seconds measure voltage 
at coil terminals of K901 (fig. 211). 
If voltage is absent, replace K902. 
Motor control relay K901 de- | If voltage is present, check winding of K901 
fective. (fig. 214). 
If the winding is normal, check contact adjust- 
ment of K901 (fig. 214). 


|292. Signal Tracing 


“. The procedures given in the troubleshooting 


and use the vtvm at the points listed below on 


ac voltage ranges. 
6. The following table gives the signal volt- 


chart can be augmented by signal tracing with 
the vacuum-tube voltmeter to localize a defective 
Stage. Make connections as shown in figure 175 


ages that are normal at the important points of 
measurement in signal circuits. 
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Points of measurement Ac volts 


V90l (fig. 211) erid (pint), tojichassis_ 2... ~~ 0. 42 


V902 oridt (pin. to chassis 4.5.88 5) PS Bee 2 
V901 plate: (pind) to, chassis...\.4. 4 S24) saat - 
W002 erid: (pines atO Chassign. ol betes Bes A 
V902 cathode (pin 8)‘to chassis... .-=-.---2+- 
WoOs etid- (pin 1) to chassisa 2. oc 2ese st foes 
Va0s plate (pind) to, chassis. 24 soe. 2k ets 


mem bd bo 
S00. hor 
(Ley [fal<t, (Mea iveoy Kes) 


293. Isolating Trouble 

a. The voltage and resistance diagram of the 
O-371/FRN-20 is given in figure 176, contained 
in separate envelope which includes notes on 
measurement procedures. These measurements 
will narrow the search for a defective part within 
a stage where trouble has been localized by pro- 
cedures in the troubleshooting chart. Once a 
faulty portion of the circuit is located by voltage 
and resistance measurement, each part included 
in that portion of the circuit can be checked indi- 
vidually, following the schematic diagram (fig. 
279). 

6. Transformer and reactor de resistances are 
given in the following chart, and each component 
should be completely isolated to measure the 
resistance. 


Transformer or inductor Connection points Resistance (ohms) 
EUOU ie clo). ee Across leads_ -_-___- 190 
L902 eesi ae oc * feta Across leads_ -_ ____ 190 
pO I ee eeey eter) oat Le a as Gea 200 

BAe ae ee ee 24 
OO 2a Rene ya eee: ie oe api 2 Se 10 
Sadek. Ae A eee 10 
Ho aa peat lananeniinpeg ay Be Less than 1 
QF 1Q ie. pee 2 eee 155 
Oi eee ake ee 310 
See) es eae ees Less than 1 


Section IX. 


Warning: The 0-373/FRN circuit is energized with high voltage. . 
Use standard safety precautions when measuring high voltages. 4 


exposed parts and terminals. 


295. General 


a. The O-373/FRN supplies a 1,000-cycle au- 
dio tone to the modulator of the transmitter 
through the keyer for transmission of the keyed 
identification signal. There are two O-373/FRN 
oscillators in the omnirange set, one for each 
equipment. 
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294. Additional Troubleshooting Data 


a. Although the tubes have been tested as a 
preliminary to troubleshooting 


sible for faulty operation. 


the trouble. 


(1) If there is reason to suspect a para | 


tube, a direct substitution may be made. 
If no indications point to a particu 


(2) 


substituted. If this clears up the trou- | 


ble, replacement of the old tubes, one 
at a time, will eliminate the faulty tube. — 
When substituting tubes, replace alll 


original tubes ian do not affect per- | 


formanee. 


sponanad foe faulty operation. 
dition is suspected, use the following part 
substitution procedure. 


(1) Disconnect the suspected part from the 
circuit and temporarily substitute a re- 


placement of the same value. 
(2) 
eration, m 


nent: -If not, 


the circuit. 


(3) 


AUDIO FREQUENCY OSCILLATOR O-373/FRN TROUBLESHOOTING 


b. The O-373/FRN may be serviced in place, | 
but servicing at the test bench is recommended | 


for safety and convenience. 7 | 


296. Troubleshooting Reference Data 


The following list of illustrations on chart will | 


7 {i 
MY 


be useful in troubleshooting. 


, occasionally a 
tube which tests satisfactory ae still be respon-_ 
When this condition — q 
is suspected, substitution of tubes may clear up i 


Where this con- 


Serena 


If the replacement restores correct op 
make the replacement perma- 
remove the substituted — 
part and restore the original part to 


When substituting parts, always use ae | 
replacement part i the same electrical i 
value, tolerance, and rating as the orig- i 
inal, and as near the same physical size q 
as possible. -| 

c. Before returning the component to service, | 
make a quick voltage and resistance check, an | 
operational test (par. 290), and a final test in i 
accordance with chapter 6. aq 


Avoid physical contact with | 


tube, a complete new set of tubes may be i 


| 


Fig. No. Caption 


13 | Electrical Equipment Cabinet CY—1897/FRN- 
22, component installation diagram. 
25 | Audio Frequency Oscillator O-373/FRN, tube, 
fuse, and control locations. 
283 | Audio Frequency Oscillator O-373/FRN, sche- 
matic diagram. 
177 | Audio Frequency Oscillator O-373/FRN, bench 
test setup. 
178 | Audio Frequency Oscillator O-373/FRN, volt- 
age and resistance diagram. 
215 | Audio Frequency Oscillator O-373/FRN, in- 
terior view. 
216 | Audio Frequency Oscillator O-373/FRN, rear 
view. 


297. Equipment Required for 
Troubleshooting 


a. Test Equipment. Test equipment required 
for troubleshooting the O-373/FRN is listed be- 
low with the applicable technical manual and 
common name assigned to each. 


Test equipment Technical manual Common name 


Multimeter ME-77/U__| TM 11-6625- Multimeter. 
203-12. 

Spectrum Analyzer TM 11-5097___| Spectrum 
TS—723A/U. analyzer. 
mu Mont Model 2559A |______________- Oscilloscope. 
Oscilloscope (or 

equivalent). 


Electron Tube Test TM 11-2661___| TV—2/U. 
Set TV-2/U or 
Electron Tube Test 


Set TV-—7/U. 


TM 11-5083__-| TV-—7/U. 


b. Additional Equipment. Additional equip- 
ment required is listed below with its common 
name. 


Qty Description Common name 


1 | Two-wire power cable, fitted with | Power cable. 


male and female plugs. 


1 | Male plug, Amphenol 91-MC4M. | Test plug. 
(Federal Stock No. 5935-376— 
9307). 
1 | 500-ohm 2-watt resistor. ___------ Output load. 
1 | Shielded test lead with a banana | Test lead. 


plug on one end. 


298. Removal and Reinstallation 


a. Removal. To remove the O-373/FRN 
chassis from the cabinet, use the following pro- 
cedure. 


(1) Disconnect plugs P814 (P816 in equip- 
ment No. 2) and P811 (P812 in equip- 
ment No. 2) (fig. 16). 

(2) Remove the cabinet trim strips. 

(3) Remove the chassis mounting screws 
that hold the chassis in place. 

(4) Withdraw the chassis from the cabinet. 

b. Reinstallation. To replace the O-373/ FRN, 
use the following procedure. 

(1) Place the chassis in the cabinet opening. 

(2) Replace the chassis mounting screws. 

(3) Replace the cabinet trim strips. 

(4) Reconnect plugs P814 (or P816) and 
P811 (or P812). 


299. General Precautions 


a. Control R15 (fig. 216) may be left in oper- 
ating position, but shorting plug P1 must remain 
connected to J3 at all times. 

6. Use the. multimeter resistance scale and 
trace the B+ line for possible open and short 
circuits at the points listed below before applying 
power. 


Measure between points Resistance 
(ohms) 
Junction of L3 and C9 to chassis (fig. 215) __- 22K 
Junction of R6 and C7 to chassis__________-_ 19K 
Junction of L1 and C3 to chassis___________- 20K 


c. Visually inspect the equipment and repair 
any defects discovered. 

d. When a part is found to be faulty, check 
associated parts which may have been over- 
loaded as a result of its failure. 


300. Bench Test Setup 


a. Connections for bench testing the O-873/ 
FRN are shown in figure 177. The tests con- 
sist of the measurement of output voltage, output 
frequency, and a check for waveform distortion. 

b. Bench testing requires a source of 115 volts, 
50 or 60 cps ac, with adequate switching to con- 
trol the application of power. 
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AUDIO FREQUENCY (NOTE !) 


OSCILLATOR A 
O—373/FRN 
e@ 
115V AC 50/60% Gs) pie 
4 
B 
(NOTE 2) 


SPECTRUM ANALYZER 
TS-—723A/U 


DUMONT 
TYPE 2559A 
OSCILLOSCOPE 


A 


(NOTE 3) ° 


A B 
(NOTE 4) 


NOTES 


|. CONNECTOR, PLUG, (AMPHENOL) S9IMC4M (SAME AS PLUGS 
PIBI| AND PI8I2 


2. LETTERS A AND B DENOTE TEST POINTS . 


3. CONNECT TO TEST POINTS AS INDICATED FOR DISTORTION 
CHECK AND WAVEFORM OBSERVATION . 


4. CONNECT TO TEST POINTS AS INDICATED FOR OUTPUT 
MEASUREMENT 


TM215—222 


Figure 177. Audio Frequency Oscillator O-373/FRN, bench test setup. 


c. Make the following connections for bench 301. Localizing Troubles 


testing: a. General. As a preliminary step, all tubes : 
(1) Fabricate a power cable, use a male plug should be tested. 4" 
for connection to the test bench power b. Preliminary Operational Check. Make a | 


source and a female plug (same as preliminary operational check of the component | 
P814/P816, fig. 16) for connection to the before performing the troubleshooting proce- — 
O-373/F RN. dures. With the bench test connections made 1 
Using male plug, American Phenolic  ccording to figure 177, apply power to the | 
Co. part No. 91-MC4M (same as P811/ O-373/FRN. Be alert for signs of overload such - 
as fuses blowing, smoke, burning sounds or | 
smells. Shut off the power immediately if there | 
are such signs. j 

c. Use of Chart. The procedures in the fol- | 
lowing troubleshooting chart will localize trouble | 
ing output voltage, frequency, and distortion. to a faulty stage. Tracing faulty operation of | 


— 
bo 
~~ 


P812), make up the test plug by con- 
necting the 500-ohm 2-watt output. load 
resistor between terminals 1 and 4. 

d, The spectrum analyzer is used for measur- 


It is used in conjunction with the oscilloscope to that stage to a defective part within that stage 4 
observe the output waveform, as described in is covered in paragraphs 304 and 305. 


TM 11-5097 for the spectrum analyzer. d. Troubleshooting Chart. 
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Indication 


form. 


ae Nonoutput from Tl... 2.2. 2.-- 


Daliptow-outputirem Ll 23s 7 __ 


3 | Output frequency unstable_-__-_ 


4 | Distortion of output wave- 


Probable trouble 


No B+ from power supply or 
low B+ from power supply. 


Faulty output amplifier stage 
V2B. 

Faulty audio amplifier stage 
V2A. 

Faulty oscillator stage, V1 


Low B+ from power supply-- 


Faulty output amplifier stage 
V2B. 

Faulty audio amplifier stage 
V2A. 

Faulty oscillator stage, V1___- 


Faulty oscillator V1 circuit__- 


Incorrect B+ from power sup- 
ply. 


Faulty output amplifier stage 
V2B. 

Faulty audio amplifier stage 
Vi2A., 

Faulty oscillator stage V1-_--- 


Procedure 


Check fuse and tubes (fig. 216). 

Check reactor L2 (par. 3040). 

Check reactor L3 (par. 3046). 

Check capacitor C8 for leakage (fig. 215). 

Check capacitor C9 for leakage. 

Check transformer T2 (par. 304b) 

Check output amplifier V2B voltage and re- 
sistance (fig. 178). 

Check audio amplifier V2A voltage and re- 
sistance (fig. 178). 

Check oscillator stage voltage and resistance 
(fig. 178). 

Check transformer T2 (par. 3046). 

Check capacitor C8 for leakage. 

Check capacitor C9 for leakage. 


- Check output amplifier V2B voltage and re- 


sistance (fig. 178). 

Check audio amplifier V2A voltage and re- 
sistance (fig. 178). 

Check oscillator stage V1 voltage and resistance 
(fig. 178). 

Check oscillator V1 circuit voltage and resist- 
ances (fig. 178). 

Check reactor L2 (par. 3046). 

Check reactor L3 (par. 3046). 

Check capacitor C8 for capacity. - 

Check capacitor C3 for capacity. 

Check transformer T2 (par. 3046). 

Check output amplifier V2B stage voltage and 
resistance (fig. 178). 

Check audio amplifier stage voltage and re- 
sistance (fig. 178). 

Check oscillator stage V1 voltage and resistance 
(fig. 178). 


1302. Signal Tracing 
; a. Charted troubleshooting procedures can be 
jaugmented by signal tracing, using the vtvm set- 
jting of the spectrum analyzer. 
OQ-373/FRN to power and load, as shown in fig- 
ure 177 and use the vtvm section of the spectrum 
janalyzer at the points listed below. 

b. The following table shows normal signal 
voltages at the important points of measurement 


in signal circuits. 


303. Stage Gain Checks 


Connect the 


Use the following procedures to locate a de- 
fective stage when the output is low. 

a. Remove tube V1 from its socket and turn 
gain control R15 to the full clockwise position. 

b. Stage gains for the indicated input signal 
and the necessary test points are shown in the 
following chart. 
signal at a 1,000 cps, measure the output signal, 


Apply the indicated input 


and calculate the stage gain. 


Measurement points Volts. ac 
12 i: Step Input connections aay Test points oe 
Grid of V2A (pin 1) to chassis (fig. 215@) ------- 18 neal ee le. a i _& 
E in ; ty DA ee 6 
or vo ea SORE a che de lane sami tr a6 1 | Pin 4 of V2 and 6 | Pins 1 and 4 of J2_| 1.53 
i ie ee ee oe a 54 chassis. 
eo ernines ee iee a eee a9, 2 2 | Pin 1 of V2 and 18 | Pins 1 and 4 of J2_| . 51 
UTE /HCKNS Sos: chassis. 


* With R15 set for maximum gain. 
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304. Isolating Trouble 


a. Voltage and resistance diagrams are given in 
figure 178, contained in separate envelope, which 
also includes notes on measurement procedures. 
These measurements will narrow the search for a 
defective part within a stage where trouble has 
been localized by procedures in the troubleshoot- 
ing chart. Once a faulty portion of the circuit 
is located by voltage and resistance measurement, 
each part in that circuit portion is checked indi- 
vidually, following the schematic diagram (fig. 
283). 

6. Transformer and reactor winding dc re- 
sistances are given in the following chart. Com- 
ponent parts must be completely isolated before 
making resistance measurements. 


Transformer or inductor Connection points Resistance 
(ohms) 

Tia, ree nieOu 1 Across leadse sean ae 125 
1) EEE Se a Pe 8 SO Across leads Se. 220 =n 2 420 
Os Sea eae meh EN Across leads_____._-____ 420 
kale ily Ae 8 1-2. ty) oie ind 2, 500 
5 foal) eM ee Mr 64 

SL sal Mie, © 21 0s pais BLK-BLKEags Sarria 11 
RE D=RE Dita eee ae 440 

YELAY Ree! Go Sees 3 

GRN-GRIN sea eg 3 


305. Additional Troubleshooting Data 


a. Occasionally a tube which tests satisfactory 
may still be responsible for faulty operation. 
When this condition is suspected, substitution of 
tubes may clear up the trouble. 


; 

7 
=) 
nal 


(1) If there is reason to suspect a particu-— 


lar tube, a direct substitution should be 


made. f 


(2) 


tube, a complete set of new tubes may | 


be substituted. If this clears up the 
trouble, replacement of the old tubes, 
one at a time, will eliminate the faulty 
tube. 


When substituting tubes, be sure to re- 


(3) 


place all original tubes which do not. 


affect performance. 


6. A part which tests normal may be responsi- I 
When this condition | 
is suspected, follow the part substitution pro- | 


ble for faulty operation. 


cedure. 


(1) Disconnect the suspected part from the | 
circuit and temporarily substitute a re- 


placement of the same value. 


(2) 
manent. 


circuit. 


(3) 


as possible, 


c. Before restoring the O-373/FRN to service | 
after troubleshooting, make a quick voltage and | 


resistance check and an operational test (par. . 
301). oI 


Section X. COURSE MONITOR MX-1837/FRN—20 TROUBLESHOOTING 


306. General 


Monitor troubleshooting is accomplished with 
the component in its normal operating position or 
on the test bench. If previous tests show equip- 
ments No. 1 and No. 2 to be operating properly, 
the omnirange facility may be placed in opera- 
tion to provide navigational information. The 
monitor will be isolated in either troubleshooting 
procedure and therefore will not provide the 
normal malfunction protection. Troubleshooting 
the monitor is sectionalized as follows: reference 
channel, variable channel, level channel, power 
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supply, phase comparator, and alarm circuits, | 
A thorough understanding of the theory of op- | 
eration (section XIV, chapter 2) is necessary 


before troubleshooting the monitor. 


Warning: High voltages are present in the ' 
Take adequate precautions against 4 


monitor. 
electrical shock at all times. 


307. Troubleshooting Reference Data 


The following list of illustrations will be use- | 


ful during troubleshooting of the monitor. 


If no indication point to a particular. 


‘ 


If the replacement part restores correct 1 
operation, make the replacement per- | 
If not, remove the substituted | 
part and restore the original part to the | 


When substituting parts, always use a__| 
replacement part of the same electrical | 
value, tolerance, and rating as the orig- | 
inal, and as near the same physical size | 


Caption 


16 | Radio transmitting Set AN/FRN-22A, cording 
diagram. 

24 | Course Monitor MX-1837/FRN-20, tube loca- 
tions. 

32 | Course Monitor MX-1837/FRN-20, fuse, con- 
trol, and indicator locations. 

48 | Course Monitor MX-1837/FRN-—20, interior 
view, control locations. 

126 | Integrated alarm circuit, schematic diagram. 

285 | Course Monitor MX-1837/FRN-20, schematic 


diagram. 

159 | Monitoring and alarm circuits, schematic 
diagram. 

179 | Course Monitor MX-1837/FRN-20, bench 
test setup. 


180 | Course Monitor MX-1837/FRN-20, voltage 
and resistance diagram. 

181 | Course Monitor MX-1837/FRN-20, 
forms. 

217 | Course Monitor M X-1837/FRN-20, front view. 

218 | Course Monitor MxX-—1837/FRN-20, front 
panel swung open, rear view. 

219 | Course Monitor MX-1837/FRN-20, rear view. 

220 | Course Monitor MX-1837/FRN-20, interior 


Wwave- 


view. 

221 | Relay adjustment data, 

297 | Course Monitor MX-1837/FRN-20, wiring 
diagram, 


308. Equipment Required for Trouble- 
shooting. 

a. Test Equipment. The test equipment re- 
quired for troubleshooting the monitor is listed 
below with the applicable technical manual and 
common name assigned to each. 


Test equipment Technical manual Common name 


Multimeter ME-77/U__| TM 11-6625-— | Multimeter. 
203-12. 
modulator MD-83A/ |_..._....------ vor mody- 
ARN. lator. 


Voltmeter ME-30A/U_| TM 11-5132___| AF vtvm. 

Electronic Multimeter | TM 11-5511__-_| vtvm. 
TS-505/U. 

Electron Tube Test 
Set TV-2/U or 

Electron Tube Test 
Set TV-7/U. 

Oscilloscope, DuMont, 
type 2559A. 


TM 11-2661___-| TV-2/U. 


TM 11-5083__.| TV—7/U. 


Oscilloscope. 


b. Additional Equipment. The additional 
equipment required to troubleshoot the monitor 
is listed below with its common name. 


Qty Description Common name 

3 | Safety door switch (cap portion) | Interlock 
Bryant Electric Co. No. 4600A jumper plug. 
(Federal stock No. 5930-757- 
4130). 

2 | Cord) CG-BA0 (Ue ee ida es Test cord. 

L | Adapter UG-201/U 2. 2 a Adapter. 

1 | AF test cable (par. 366b)_________ Test cable. 


309. Removal and Reinstallation 


Removal and reinstallation involves no special 
procedures because the monitor is a self-contained 
unit. If the monitor is to be serviced in the CY- 
1897/FRN-22, it will be necessary to install inter- 
lock jumper plugs in interlock switches $801 and 
S802 (fig. 255), and to remove plug P802 from 
J2 and plug P9 from J1 (fig. 219) on the moni- 
tor. When bench servicing, remove cable W8 and 
use it as the 115-voit ac power cord to the moni- 
tor. 


310. General Precautions 


a. Controls. Do not change the settings of any 
of the controls and adjustments during trouble- 
shooting unless specifically instructed to do so. 
Changing the settings will increase the difficulty 
in locating defective component parts. During 
troubleshooting, do not correct minor discrep- 
ancies with controls; the necessary adjustments 
are made in the alinement section of chapter 5 
after repairs are made. 

b. Short and B+ Test. Listed in the chart 
below are points to be checked with the multim- 
eter for resistance values which will indicate 
shorts or leakages that could damage the monitor. 
These values may also show the source of the 
trouble and locate the defective part directly. All 
resistance measurements are taken between the 
test point and chassis. 


Test point Resistance (ohms) Part checked 
Tube V21, pins 5 or | Infinite_______| C60, C61, C62, and 
6 (fig. 220 ®) C64. 
Tube V1S, pin 1274) 274K 52.2 72.2 C63. 
Tube WV 1G, pin 72... BIOK. 622. See C66. 
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311. Bench Test Setup 


a. General. The bench test setup, shown in fig- 
ure 179, includes the equipment listed in para- 
graph 308. All equipments and the monitor are 
to be operated from a reliable source of 115 volts, 
60 cps, and the cables supplying the power must 
be kept as far away as possible from the test 
cables used for signal injection and measurement. 
Any stray 60-cycle pickup in the test will cause 
| very erratic readings and false trouble indica- 
| tions. Be sure that the VOR modulator is accu- 

rately calibrated. 


b. AF Test Prod Fabrication. The AF test 
prod is required for universal use during trouble- 
shooting. Fabrication from bulk and spare stock 
| is as follows: 

(1) Cut a 10-inch length of RG-58/U co- 
axial cable and fasten a UG-—89/U coax- 
ial connector to one end. 


(2) Carefully remove 4 inches of outer jacket 
from the other end of the coaxial cable. 
(Do not damage the shield braid.) 


(3) Grasp the coaxial cable around the por- 
tion with the jacket and carefully push 
the shield braid toward the jacket to ex- 
pand the shield. 

(4) Bend the coaxial cable sharply at the 

jacket point, and with an awl, carefully 

spread the shield braid on the heel of the 
bend to make a hole in the shield braid. 

(Do not break any strands of the shield 

braid or damage the inner conductor in- 

sulation.) 

Carefully work the inner insulated con- 

ductor out through the hole in the shield 

braid. Straighten out the inner conduc- 
tor and shield braid. 

(6) Solder an insulated alligator clip to the 
end of the braid pigtail and fashion a 
small hook in the inner conductor end. 


(5 


—S 


c. Test Connections with Monitor on Test 
Bench. Connect all test equipment as shown in 
figure 179. The output of the VOR modulator 
should be connected to receptacle J1 during all 
tests. Use Cord CG-530/U and Adapter UG- 
201/U for this connection. Supply ac power to 
the monitor through cable W8 (fig. 16). 

d. Test Connections with Monitor in Cabinet. 
When the monitor is to remain in the C Y-1897/ 
FRN-22 for troubleshooting, remove plugs P802 
and P9 (fig. 16) only, and make test equipment 
connections the same as the bench test setup (c 
above). Ac power input is obtained through the 
normal omnirange set source (cable W8). Insert 
interlock jumper plugs in interlocks S801 and 
S802 (fig. 225) and leave the door open. 


312. Localizing Troubles 


a. General. The major factor in troubleshoot- 
ing the monitor is to sectionalize the trouble by 
channel as quickly as possible. The operational 
check shown in 6 below will sectionalize the trou- 
ble quickly. The breakdown of sections in the 
monitor is as follows: audio, power supply, vac- 
uum-tube voltmeter, reference channel, variable 
channel, phase comparator, and alarm circuits. 

b. Preliminary Operational Check. After com- 
pleting a thorough visual inspection, energize the 
monitor and VOR modulator. Connect one end 
of test Cord CG-530/U to the MOD OUTPUT 
receptacle on the VOR modulator and the other 
end to receptacle J1 (fig. 219) on the monitor 
chassis with a UG-201/U adapter. Set the VOR 
modulator FUNCTION SELECTOR to SPE- 
CIFIC SIG position, the SPECIFIC SIGNAL 
SELECTOR to 9960FM/30 cps VAR, and ad- 
just the MASTER ATTENUATOR to produce 
a 0.2-volt ac reading at the front right-hand ter- 
minal of INPUT LEVEL control Rl. Use the 
multimeter or the.af vtvm for this reading. 
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c. Operational Check Chart. Perform the steps given in the chart below to determine the channel 


or circuit which has the fault. 


Step Procedure 


1 | Set monitor LEVEL 
switch to INPUT posi- 
tion and check for 
audio output at pins 3 
and 4 of J2 (fig. 219). 


2 | COURSE alarm lighted. 
Use vtvm on ac scale 
and check indications. 


3 | REFERENCE alarm 
lighted; use vtvm on 
ac scale and check in- 
dications (COURSE 
alarm also lighted). 

4 | VARIABLE alarm light- 
ed; use vtvm on ac 
scale and check indi- 
cations (COURSE 
alarm also lighted). 
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Normal indications 


LEVEL METER indi- 
cates 100%, audio out- 
put is 3.5 volts ac. 


Measure 58 volts ac be- 
tween pin 1 or 5 of V12 
and chassis (fig. 220). 

Measure 37 volts ac be- 
tween pin 1 or 5 of V11 
and chassis. 


Measure 15 volts ac be- 
tween pin 6 of V1 and 
chassis (fig. 220). 


Measure 1.7 volts ac be- 
tween pin 2 of V3 and 
chassis. 


Abnormal indications 


LEVEL METER indi- 
cates low, audio is 
normal. 

LEVEL METER indi- 
cates zero and audio 
output is zero. 

LEVEL METER indi- 
cates 100%, audio out- 
put is low or zero. 

Low or no voltage. _____-_ 


Low or no voltage_____-_- 


COURSE lamp lighted 
and normal voltage at 
pin 1 or 5 of V1l and 
V12. 


Low or no voltage______- 


REFERENCE lamp 
lighted and normal 
voltage at pin 6 of V1. 

Low or no voltage. _____- 


VARIABLE lamp light- 
ed and normal voltage 
at pin 2 of V3. 


Corrective measures 


Troubleshoot level section of | 
monitor (d(4) below). 


Troubleshoot power supply : 
(d(3) below). : 


Troubleshoot audio circu 
(d(7) below). 


Troubleshoot reference chan- 
nel (d(1) below). 


Troubleshoot variable cham 
nel (d(2) below). & 
Troubleshoot course alarm 
circuit (d(6) below). 
Troubleshoot phase com- | 
parator circuit (d(5) be- | 
low). | 
Troubleshoot reference chan- — 
nel (d(1) below). | 
Troubleshoot reference level | 
alarm circuit (V6B, V17), . 


Troubleshoot variable chan- - 
nel (d(2) below). 4 
Troubleshoot variable chan- 
nel (V7A, V16). 


d. Use of Troubleshooting Chart. The follow- 
| ing chart is broken down into channels and cir- 
cuits, and is to be used in conjunction with the 
| operational check in ¢ above and organizational 
| personnel reports. When the defective channel 
| or circuit is found, locate the portion of the chart 


covering that channel or circuit and check the 
Indication column for the trouble. Probable 
trouble and Procedure columns will indicate the 
method required to isolate the trouble. 

(1) Reference channel chart. 


Probable trouble 


First and second amplifier stages 
(V2B, V1B) defective. 


REF LEVEL control R5 improp- 


Tuned circuit L1/C2 detuned __ __- 


Second amplifier stage VIB de- 


Item Indication 

1} REFERENCE and COURSE 

ALARMS lighted, LEVEL ME- 

TER indicates low or zero level. 

erly adjusted. 

2 | Same as.item 1 but LEVEL ME- 

TER indicates 100%. fective. 
3 | COURSE alarm lighted, REFER- 


ENCE alarm and LEVEL ME- 
TER normal. 


Limiter V1A, slope detector V8B, 
third amplifier V4B, or output 
amplifier V12 defective. 


Slope detector stage V8B defec- 
tive. 


Third amplifier stage V4B defec- 
tive. 

Output amplifier stage V12 de- 
fective. 


Phase comparator or alarm circuit 
defective. 


Procedure 


Measure signal voltages of VIB and 
V2B (par. 3130). 

Check waveform of VIB and V2B 
(fig. 181). 

Make voltage and resistance check, 
V1B and V2B (fig. 180). 

Recalibrate monitor (par. 48). 


Realine L1/C2 (chapter 5). 

Troubleshoot alarm circuit (V6B, 
Vi): 

Make voltage and resistance checks 
on V1B (fig. 180). 

Signal trace with waveforms (par. 
3138c). 

Make voltage and resistance check 
(fig, 180). 

Replace V1. 

Make voltage and resistance check 
(fig. 180). 

Replace V8. 

Aline tuned circuit C10/L2 (chapter 
5). 

Check or substitute capacitors C11, 
C12, and C13 (fig. 220). 

Make voltage and resistance check 
(fig. 180). 

Make voltage and resistance check 
(fig. 180). 

Measure dc resistance of transformer 
T1 (par. 3146). 

Check or substitute capacitor C16 and 
Oa7: 

Troubleshoot phase comparator (CRI, 
CR2, T2) and/or alarm circuit 
(V6B, V17). 


iii ett 
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(2) Variable channel chart. 


Item Indication 


1} VARIABLE and COURSE 
ALARMS lighted, LEVEL 
METER indicates low or zero 
level. 


2{| Same as item 1 but LEVEL 
METER indicates 100%. 


3 | COURSE alarm lighted, VARI- 
ABLE alarm and LEVEL 
METER normal. 
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Probable trouble 


Input amplifier stage V2A defec- 
tive. 


Switch S5 defective.____________- 

Capacitor C27 or C29 defective___ 

VAR LEVEL control R47 and/or 
VAR CAL control R48 mis- 
adjusted. 

Inverter V4A, phase shift network 
($4, R72), controlled amplifier 
V5, output amplifier V11, age 
amplifier V3B or age detector 
V6A stages defective. 

Inverter stage V4A defective______ 

Phase shift network defective_____ 

Controlled amplifier stage V5 de- 
fective. 


Output amplifier stage V11 de- 
fective. 


Age amplifier stage V3B defec- 
tive. 
Age detector stage V6A defective__ 


Phase comparator or alarm circuit 
defective. 


Procedure 


Make voltage and resistance check 
(fig. 180). 
Check V2A waveform (fig. 181). | 
Check or substitute capacitors C27 | 
and C29 (fig. 220, 219). 
Replace switch S85 (fig. 220). 
Check or substitute capacitor. 
Recalibrate monitor (par. 48). 


Signal trace with waveforms (par. i 
313¢c). ] 
Measure signal voltages (par. 313d). i 


Make voltage and resistance check | 
(fig. 180). 
Check network (par. 314c). I 
Make voltage and resistance check f 
(fig. 180). | 
Check or substitute capacitor C41 | 
(fig. 218). i 
Make voltage and resistance check | 
(fig. 180). J 
Check or substitute capacitor C43 1 
and C44 (fig. 218). i 
Measure de resistance of transformer | 
T2 (par. 3146). Tt 
Make voltage and resistance check | 
(fig. 180). 4 
Make voltage and resistance check. ; 
Check or substitute capacitor C38 | 
and C40 (fig. 220). i 


Replace V6. | 
Troubleshoot phase comparator or | 
alarm circuit (charts (5) and (6)). : 


(3) Power supply chart. 
et Perle et i i ae i ee 


Item Indication Probable trouble Procedure 
1 | No B+ from power supply____.___| No power INpUUs 2E%.. sereao ea eee Check fuse F1 and switch S3 (fig. 217). 
Defective rectifier V10 or trans- | Check V10. 
former T4 (fig. 218). Check resistance of transformer T4 
(par. 3146). 
Defective reactor L3 (fig. 219)____| Check L3 resistance (par. 3146). 
Open resistor R116 (fig. 220)______] Cheek R116 resistance. 
Defective voltage regulators V19, | Make voltage and resistance check 
V20, V21, and V22 (fig. 219). (fig. 193). 


Check or substitute capacitors C62, 
C63, and C64 (fig. 219, 220). 
2 | Low or high B+ from power | Defective voltage regulators V19, | Check tubes. 
supply. V20, V21, and V22. Make voltage and resistance check 
(fig. 180). 
Check or substitute capacitors C60, 
C61, C62, C63, C64, and C65 (fig. 


219, 220). 
Check relay RY5 coil resistance 
(fig. 220). 
3 | Bias voltage output incorrect______ Resistor R116 open (fig. 220) _ ____ Replace resistor. 


Capacitor C65 shorted (fig. 219)___| Replace capacitor. 
Relay RY5 coil defective (fig. 219)_| Check coil resistance (fig. 221). 
B+ load from monitor circuits | Make voltage and resistance checks 


incorrect. all. tubes (fig. 180). 
4 | Excessive ripple on B+ ___________ Defective capacitors. ___________- Check or substitute capacitors C60, 
C61, C62, C63, C64, and C65. 
Reactor L3 defective (fig. 219)____| Check resistance (par. 314b) or sub- 
stitute. 


(4) Level circuit chart. 


a ae a I a aE St Ee on Be a a 
Item Indication Probable trouble Procedure 


No LEVEL METER readings, | Defective LEVEL METER M3___| Replace meter. 
input to switch S1 normal. Defective stage in level circuit | Signal trace by signal voltage measure- 
(V13 and V14). ments (par. 3136). 

Make voltage and resistance checks 

(fig. 180). 
Capacitor C57 shorted or leaky__-| Check or substitute capacitor C57 

(fig. 220). 

2| Low LEVEL METER readings, | Defective V13 or V14 (fig. 219) --_| Check or substitute tubes. 
all positions of LEVEL switch S81. Recalibrate monitor (par. 48). 


3 | LEVEL METER readings erratic__| Capacitor C57 defective (fig. 220)_| Replace capacitor C57. 
LEVEL METER defective (fig. | Replace meter M3. 
217). 
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(5) Phase comparator chart. t 
aa ae pe a Rr Ea ETT GN EE 4 
Item Indication Probable trouble Procedure of 
1 | COURSE alarm on all the time, | Rectifiers CR1 and CR2 (fig. 217) Replace rectifiers CR1 and CR2 (ch. 4 
unable to obtain balanced meter defective. 5). | 
indications with control R37 | Defective transformer T1 or T2 | Check resistance (par. 3146) or sub-_ 

(fig 220). (fig. 219). stitute transformers Tl or T2 (par. | 

315d). i] 

Defective capacitors C1, C24, or | Check or substitute capacitors Ci | 

C25 (fig. 218, 219, 220). C24, and C25. i 

Alarm circuit defective__-_------- Troubleshoot alarm circuit (chart | 

(6)). i 

Reference or variable channels | Troubleshoot reference and variable | 

defective. circuits (charts (1) and (2)). | 


Monitor not properly calibrated___| Recalibrate 1aonitor (par. 48). 
2| Deflection sensitivity of meters M1 | Rectifiers CR1 and CR2 defective__| Replace rectifiers CRI and CR2 (ch. 


and M2 incorrect. ZY 
Relay RY1 (fig. 220) contacts | Check relay and adjustment (fig. 
closed. 221). | 
Capacitor C24 or C25 leaky - - - - -- Check or substitute capacitors C24 or i 
C25. 
Sensitivity control R39 incorrectly | Recalibrate monitor (par. 48). | 


set. | 


(6) Alarm circuits chart. . 
peachy cee ek gig cid Se Oe a a 


Item Indication Probable trouble Procedure 


1 | COURSE RELAY meter M2 does | COURSE RELAY meter M2 | Reset the meter needle mechanically i) 


not indicate zero (no power to needle not mechanically zeroed to zero (fig. 217). | 

monitor). or defective. Caution: Follow the procedure 

given in paragraph 48. a 

Replace the meter. y| 

2 | COURSE alarm lighted, REFER- | Same as item 1 above___--------- Same as item 1 above. 2 
ENCE and VARIABLE | Defective contacts on relay RY4 | Check relay adjustment (fig. 221). 

ALARMS normal, and meters (fig. 220). Check relay coil resistance (fig. 221). | 

M1 and M2 indicate normal | Defective reference fail-safe alarm | Check or substitute tubes (par. 315a). | 

courses. detector V8A or thyratron V18 | Make voltage and resistance check of i 

stages (fig. 219). V8A and V18 (fig. 180). i 


Check or substitute capacitors C21, i 
C22, or C23 (figs. 219, 220). 
No 115 volts ac plate supply to | Check contact adjustments of relays | 
V18. RY1l, RY2, RY3, and RY5 (figs. , 
220, 221). Gq 
Troubleshoot all level, fail-safe ang | 
bias relay circuits for faults which — 
could cause a relay to interrupt the | 
115 volt ac supply (fig. 126), and | 
check VARIABLE and REFER- | 
ENCE lamps. : 
Defective variable fail-safe alarm | Check or substitute tubes (fig. 219). | 
detector V7B and thyratron | Make voltage and resistance check of, 
V15 stages. V7B and V15 (fig. 180). | 
Check or substitute capacitors C45, 
C46, and C26 (fig. 220). 

3 | REFERENCE and COURSE | Defective reference level alarm | Check or substitute tubes. | 
ALARMS lighted, meters M1 detector V6B or thyratron V17 | Make voltage and resistance check q | 
and M2 indicate normal courses. stages. B6B and V17 (fig. 180). 4 
Check or substitute capacitors C18, 

C19, and C20 (fig. 220). : 

Relay RY3 defective (fig. 220)____- Check relay adjustment (fig. 221). 
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5 ee a Le ena le) 21) i See ee a ena 


Item Indication 


Probable trouble 


Procedure 


3 | REFERENCE and COURSE 
ALARMS lighted, ete.—Con. 

4/ VARIABLE and COURSE 
ALARMS lighted, meters M1 
and M2 indicate normal courses. 


Defective 


REF ALARM control R19 (fig. 

220) incorrectly adjusted. 
variable level alarm 
amplifier V3A, detector V7A, 
or thyratron V16 stages. 


Recalibrate monitor (par. 48). 


Check or substitute tubes. 

Make voltage and resistance check of 
V3A, V7A, and V16 (fig. 180). 

Check or substitute capacitors C48 
and C49 (fig. 220). 


Relay RY2 (fig. 220) defective____| Check relay adjustment (fig. 221). 


VAR ALARM control R91 (fig. 
220) incorrectly adjusted. 


Recalibrate monitor (par. 48). 


(7) Audio circuit chart. 


SEER GERDN nS RSnenrennnineermneermnememmmmeeneeeeees=eeeeee ee 


Item Indication 


Probable trouble 


Procedure 


1 | Low or no audio output at pins 3 
and 4 of receptacle J2 (fig. 219). 


2 | Distorted audio output at pins 3 | Defective 


and 4 of receptacle J2. 


Defective first audio or output 
amplifiers V9. 


capacitor 
C52, or C53 (fig. 220). 


Check or substitute tubes. 

Make voltage and resistance check of 
V9 (fig. 180). 

Check or substitute capacitor C50 
(fig. 220). 

Check transformer T3 (fig. 219) re- 
sistance (par. 3146). 


C50, C51, | Check or substitute capacitors. 


Transformer T3 defective________- Replace transformer T3. 


313. Signal Tracing 

a. General. Two methods are contained in this 
paragraph to aid in localizing trouble; signal 
tracing by signal voltage and signal tracing by 
waveforms. Either method may be used, but the 
waveform method has the advantage of a visual 
indication of the actual signal. The signal volt- 
age method is more easily accomplished and re- 
quires less time. 

6. Signal-voltage Tracing. All signal voltage 
values in figure 180 are to be measured with the 
multimeter set up for ac operation in accordance 
With instructions in TM 11-5511. All voltages 
are rms values measured between the test point 
and chassis. When signal tracing, start at the 
point where a signal is known to be normal and 

| proceed toward the phase comparator qr alarm 
lamp circuits. The point at which a low or no 
Signal voltage is present indicates the defective 
stage. Connect the monitor and the VOR modu- 
lator (fig. 179) and allow at least 10 minutes for 
the equipment to stabilize after power is applied. 
Set the VOR modulator operation and output as 
specified in paragraph 3126. All equipment con- 
trols and adjustments are to remain at their nor- 
mal operating settings. Do not adjust controls 
to compensate for incorrect voltages; locate the 


cause of the faulty voltage, and then repair and 
make calibration adjustments of the complete 
monitor as instructed in paragraph 48. 

c. Waveform Signal Tracing. The waveforms 
(fig. 181) are provided for the points in thé moni- 
tor where circuit component operation changes 
the shape of the signal. By reference to the 
schematic diagram (fig. 285) and the waveforms 
of figure 181, the wave shape may be checked at 
any point along the signal paths of the monitor. 
Voltage amplitudes (fig. 181) are peak-to-peak 
values and the oscilloscope instruction manual 
should be consulted for details of oscilloscope 
calibration. The monitor and VOR modulator 
should be connected as shown in figure 179 and 
the output adjusted in accordance with procedure 
given in paragraph 3126. Figure 181 indicates 
the oscilloscope horizontal sweep frequency to be 
used for each waveform. The settings of the os- 
cilloscope are not critical unless voltage ampli- 
tudes and the number of complete cycles to be 
observed are of importance. The wave shape is 
the most important. All waveforms are to be 
measured between the test point and chassis with 
the test cable (par. 3110). Any deviation from 
the wave shapes shown in figure 181 should be 
further investigated by isolating procedures in 
the stage which first shows the change. 
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eS 


LIMITER 
VIA PINI 


SIGNAL FREQUENCY: 9,960 CPS FM 
SWEEP FREQUENCY: 350) CPS 


| 


LIMITER 
VIA PIN 2 


SIGNAL FREQUENCY: 9,960 CPS FM 
SWEEP FREQUENCY: 330 CPS 


2D AMPLIFIER 
VIB PIN 7 


SIGNAL FREQUENCY: 9,960 CPS FM 
SWEEP FREQUENCY: 330 CPS 


: 
schol IE 


INPUT AMPLIFIER 
V2A PIN 2 


SIGNAL FREQUENCY: 30 CPS VAR 
SWEEP FREQUENCY: LOSI GPS 


Figure 181. Course Monitor MX-1837/FRN-20, waveforms. 
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IST AMPLIFIER 
V2B PINT 


SIGNAL FREQUENCY: 9,960 CPS FM 
SWEEP FREQUENCY: 330 CPS 


AGC AMPLIFIER 
V3B PIN 6 


SIGNAL FREQUENCY: 30 CPS VAR 
SWEEP FREQUENCY: I5 CPS 


INVERTER 
V4A PINI 


SIGNAL FREQUENCY: 30 CPS VAR | 
SWEEP FREQUENCY: !5 CPS f 


INVERTER 
V4A PIN 2 


SIGNAL FREQUENCY: 30 CPS VAR 
SWEEP FREQUENCY: I5 CPS 


TM215- 226 (1) 


eee |. 
Gest 


3D AMPLIFIER 


V4B PIN7 
SIGNAL FREQUENCY 30 CPS REF 
SWEEP FREQUENCY 15 CPS 


Sod 


IV 


oat 


CONTROLLED AMPLIFIER 
VS PIN | 


SIGNAL FREQUENCY 30 CPS VAR 
SWEEP FREQUENCY Si CPS 


wy 


AUDIO OUTPUT AMPLIFIER 
V9B PIN 6 


SIGNAL FREQUENCY 9,960 CPS FM AND 30 CPS VAR 
SWEEP FREQUENCY 15 CPS 


OUTPUT AMPLIFIER 
VII PIN 1,5 


SIGNAL FREQUENCY 30 CPS VAR 
SWEEP FREQUENCY iSaaGRS 


AGC DETECTOR 
V6A PIN 5 


SIGNAL FREQUENCY 30 CPS VAR 
SWEEP FREQUENCY iS CPS 


‘a. 
/ \ /\ 


an 


| 
ni 


SLOPE DETECTOR 
V8B PIN | 


SIGNAL FREQUENCY 30 CPS REF 
SWEEP FREQUENCY fo" CPS 


OUTPUT AMPLIFIER 
VII PIN 6 


SIGNAL FREQUENCY 30 CPS VAR 
SWEEP FREQUENCY lee (ORE 


200V 


OUTPUT AMPLIFIER 
vi2 PIN 1,5 


SIGNAL FREQUENCY 30 CPS REF 
SWEEP FREQUENCY ome Rs 


TM215-226 (2) 


Figure 181—Continued 
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OUTPUT AMPLIFIER REFERENCE FAIL-SAFE ALARM THYRATRON 


VIl2 PIN 6 VI8 PIN I 
SIGNAL FREQUENCY: 30 CPS REF SIGNAL FREQUENCY: 30 CPS REF 
SWEEP FREQUENCY: !5 CPS SWEEP FREQUENCY: 7.5 CPS 


VARIABLE FAIL -SAFE ALARM THYRATRON INVERTER 


VIS PIN | JUNCTION OF RESISTORS R50 AND RSI, V4A 
SIGNAL FREQUENCY: 30 CPS VAR SIGNAL FREQUENCY: 30 CPS VAR 
SWEEP FREQUENCY: 7.5 CPS SWEEP FREQUENCY: I5 CPS 


VARIABLE LEVEL ALARM THYRATRON IN- PHASE LISSAJOUS PATTERN 
VI6 PIN | (SEE TEXT) 
SIGNAL FREQUENCY: 30 CPS VAR Y-INPUT: 30 CPS 
SWEEP FREQUENCY: 7.5 CPS X-INPUT: 30 CPS REF 


hy 


lant 


yy 


REFERENCE LEVEL ALARM THYRATRON INPUT LEVEL CONTROL RI 
VI7 PIN | RIGHT FRONT TERMINAL RI 
SIGNAL FREQUENCY: 30 CPS REF SIGNAL FREQUENCY: 9,960 GPS FM AND 30 CPS 
SWEEP FREQUENCY: 7.5 CPS SWEEP FREQUENCY: 15 CPS 
TM215- 226 @) 


Figure 181—Continued 
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314. Isolating Troubles 


a. Voltage and Resistance Measurements. The 
voltage and resistance measurements (fig. 180, con- 
tained in separate envelope) are used to help iso- 
late troubles to a specific part. Use the multimeter 
for the resistance measurements with all external 
connections to the monitor disconnected. Test 
equipment to be used for voltage measurements is 
specified in figure 180 and measured with zero 
signal input to the monitor. 

b. Transformer and Reactor De Resistance 
Measurements. All measurements in the chart 
below are to be made with the multimeter. Dis- 
connect the transformer or reactor from the cir- 
cuit before measuring resistances. All power 
must be removed and external connections dis- 
connected. 


Transformer or reactor 


Connections points Resistance 
(ohms) 
Ll (fig. 219) _____ Across leads--_.-__-_- 840 
Ree) 2 Across leads__________ 840 
ae Aerossileadss 52. 190 
ee (Reset winding only) __-_ 16, 500 
mand I2...____ 1 57D a a A 950 
pee Gere ten AE SSE EEE PUIG 56 
DT OWs ew Ey ee fe) 56 
ae a Li 77 RIET 5 en 200 
a cey CS Sha ae 24 
lll a 0-115 (primary)--_____- if 
Across 115V winding 39 
(secondary). 


ov ringing os... - Less than 1 


6.3V winding. ---__--_- Less than 1 
GO. WINGNg.--.+-2-- Less than 1 
US? US Sai 0 eee oe eee 128 
1 128 


c. Phase Shift Network Test. Perform this test 
when it is impossible to zero the monitor to the 
AN/FRA-14 or a test signal when all other cir- 
cuit components are normal. Perform the follow- 
ing steps in the order given: 

(1) Connect the monitor and test eqyipment 
as shown in figure 179. Energize the 
equipment, allow time for it to stabilize, 
and adjust the input to the monitor as 
instructed in paragraph 3126. 

(2) Refer to the oscilloscope instruction 
manual and adjust the oscilloscope for 
an external horizontal sweep which pro- 
duces a suitable horizontal line. 

(3) Connect the common oscilloscope Y 


INPUT terminal to the monitor chassis 
and the remaining terminal to the junc- 
tion of C34 and C36 (fig. 220). Adjust. 
the PHASE ANGLE SELECTOR of 
the VOR modulator to produce an in- 
phase Lissajous pattern (fig. 181). 

(4) Record the phase angle read on the VOR 
modulator dial and move the Y 
INPUT oscilloscope lead to the junction 
of C33 and C35 (fig. 220). Adjust the 
PHASE ANGLE SELECTOR for an 
in-phase indication (fig. 181), and again 
record the phase angle. 

(5) Move the Y INPUT oscilloscope lead 
to the junction of capacitor C35 and re- 
sistor R53, adjust the PHASE ANGLE 
SELECTOR for in-phase indication 
(fig. 181), and record the phase angle. 

(6) Connect the oscilloscope Y INPUT to 
the junction of capacitor C36 and re- 
sistor R73 (fig. 220) adjust the PHASE 
ANGLE SELECTOR for in-phase in- 
dication (fig. 181), and record phase 
angle. 

(7) The angular difference between test 
points C34/C36 and C33/C35 should be 
180 +2°. If not, capacitor C33 or C34 
is defective and must be replaced. The 
angular difference between test points 
C35/R53 and C36/R73 should be 180 
+2° and either point should be 90 +2° 
displaced from test points C34/C36 or 
C33/C35. If not, capacitor C35 or C36 
is defective and must be replaced. 

(8) A check of switch S4 and PHASE 
ZERO control R72 is made by connect- 
ing the oscilloscope Y INPUT between 
pin 7 of tube V3 (fig. 220) and chassis. 
Set the PHASE ANGLE SELECTOR 
to obtain an in-phase indication (fig. 
181) for each position of switch S4. 
Each position should produce an 18 +2° 
change. If not, one of the resistors R54 
through R71 is defective. PHASE 
ZERO control R72 should produce 20 
+3° of change. 


315. Additional Troubleshooting Infor- 
mation. 
a. Tube Substitution. Unusual circuit charac- 


teristics may cause certain tubes to fail in the 
monitor but test normal in the tube tester. When 
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circuit component parts check normal and trouble 
still exists, substitute a new tube or tubes in the 
defective stage. If the trouble is not corrected, 
do not leave the new tube in the socket. 


b. Parts Substitution. The change in charac- 
teristics of component parts within the monitor 
may change in a manner which will be difficult 
for the technician to detect with available test 


Section XI. ELECTRICAL EQUIPMENT 


316. General 


a. There are four electrical equipment cabinets 
at the omnirange site, each of which contains its 
own electrical circuits. A fifth, the remote con- 
trol cabinet, completes the cabinet complement of 
the omnirange set, but is not discussed here be- 
cause it contains no electrical wiring. 

6. The cabinets covered in this section are: 

(1) One Electrical Equipment Cabinet CY- 
1897/FRN-22. 

(2) Two Electrical 
CY-1899/FRN-22. 

(3) One Electrical Equipment Cabinet CY- 
2274/FRN-22A. 

c. Cabinet wiring in each case includes the cab- 
inet heating and ventilating circuit, ac distribu- 
tion circuit, and interunit wiring for the units 
within the same cabinet. 


Equipment Cabinets 


317. Access to Cabinet Interiors 


a. To gain greater working space, remove the 
rear door of the cabinets when troubleshooting 
the cabinet wiring. Remove the door by remov- 
ing the blower power plug from the power re- 
ceptacle and lifting the door off its hinge pins. 

6. To replace the door, raise it into position, 
with the hinge plates of the door above and in 
line with the hinge pins. Lower the door hinge 
plates onto the hinge pins and insert. the blower 
power plug in the power receptacle. 

c. In some cabinets, equipment components 
must be removed to give access to portions of the 
cabinet wiring, principally heaters, heater termi- 
nal boards, and thermostatic switches. 


318. General Precautions 


Warning: Dangerous voltages are present in 
all equipment cabinets when the equipment is 
in a standby condition, as well as when ener- 
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CABINET WIRING TROUBLESHOOTING 


equipment. Temporarily substitute a part known | 
to be good and check the results. The original | 
part must be isolated from the circuit in all cases. | 
Do not leave the substitute part in place if the 
trouble is not corrected. | 


c. Repairs and Alinement. When trouble has. 
been isolated, refer to chapter 5 for repair and 


alinement procedures. 


: : : t 
gized. Use caution when making measure- | 


ments on energized circuits. Avoid physical | 
contact with exposed parts and terminals. | 


a. Five circuit breakers control the power to! 
all cabinets. In addition, the main circuit,| 
breaker, K1001, controls all power to the ac dis- | 
tribution circuit. Specific details are discussed | 


under the specific cabinet data. ; 
) 


6. Each cabinet contains from two to four in-| 
terlock switches, for protection from dangerous | 
voltages. In each case two interlock switches are | 
provided for the 230-volt heating and ventilating | 
circuit, with one interlock switch in each leg of. 
the 230-volt line. Both interlock switches must’ 
be closed to energize the heating and ventilating, 
circuit. Specific details on interlock switches are’ 
given for each cabinet, and will be dealt with! 
later in discussion of the individual cabinets. | 


| 
) 
I 
i 


319. Equipment Required 


a. Test Equipment. Test equipment required 
for cabinet wiring troubleshooting is listed below,| 
with applicable technical manual and assigned | 
common name. | 


Test equipment Technical manual Common name | 


Multimeter ME-77/U__| TM 11-6625- 
203-12. 


Multimeter. 


1 


I 
j 


SS ares 


Caution: The cabinet wiring includes ac dis- 
tribution wiring as well as interunit connec- 
tions; therefore, continuity measurements with 
the multimeter resistance scale should be made 
with care. Damage to the multimeter will re-| 
sult from making resistance measurements on 
an energized 115-volt or 230-volt line. i 


b. Additional Equipment. Additional equip- 
ment required for troubleshooting is listed below. 


Qty Description 


Common name 


4 | Safety door switch (cap portion) | Interlock 
Bryant Electric Co. No. 4600A. jumper 
(Federal stock No. 5930—757—4130.) plug. 

1 | 8-inch wire lead with alligator clip on | Test lead. 
each end. 

fe Look Equipment TE-113.-_.-_..-_- Tool kit. 


320. General Troubleshooting Procedures 


a. Troubleshooting procedures for cabinet wir- 
ing involves voltage measurements and short and 
continuity checks. 

b. Check faulty thermostatic switches by jump- 
jering the suspected thermostat with the test leads. 
If the blower or heater operates when its thermo- 
stat is jumpered, but does not operate at the 
proper temperature, replace the thermostat. 

c. When checking shorts and continuity in cab- 
inet wiring, follow these special precautions. 

(1) When measurements at plugs or sockets 
are to be made, salvage pins or clips of 
the proper size from damaged plugs or 
receptacles. Solder a 2-inch piece of 
stiff bare wire to each pin or clip for 
connecting meter leads after inserting 
the pin or clip in the point under test. 

(2) In continuity checking, make measure- 
ments for shorts to ground as well as 
from point to point. Do this with no 
voltage applied. 

(3) Remove the plug of the circuit involved, 
when measuring continuity, to limit the 
check to cabinet wiring. This avoids 
checking open relays or switches in 
equipment units that show an open cir- 
cuit where there should be continuity. 


321. Troubleshooting Electrical Equipment 
Cabinet CY—1897/FRN—22 


a. The CY-1897/FRN-22 contains the follow- 
ing equipment components listed in the proper 
order from the cabinet top. 

(1) C-1840/FRN-22. 

(2) Monitor. 

(3) C-1738/FRN-20. 

(4) RE-248/FRN-22. 

(5) RE-247/FRN-22. 


(6) O-373/FRN, equipment No. 1. 

(7) Keyer, equipment No. 1. 

(8) O-373/FRN, equipment No. 2. 

(9) Keyer, equipment No. 2. 

(10) PP-1415/FRN-22. 

(11) Voltage regulator. 

b. The following list of illustrations on chart 

will be helpful in troubleshooting the CY-1897/ 
FRN-22 circuits. 


Fig. No. Caption 


13 | Electrical Equipment Cabinet CY-1897/FRN- 
22, component installation diagram. 

29 | Typical electrical equipment cabinet, fuse 
location. 

148 | Ac power distribution circuit, schematic dia- 
gram. 

149 | Heating and ventilating circuits, schematic 
diagram. 

150 | Interlock and protective circuits, schematic 
diagram. 

225 | Electrical Equipment Cabinet CY-1897/FRN- 
22, interior view. 

298 | Electrical Equipment Cabinet C Y-—1897/FRN- 
22, wiring diagram. 


c. Troubleshooting of the CY-1897/FRN-22 is 
not shown by charter troubleshooting procedure; 
it is carried out by referring to the wiring dia- 
gram (fig. 298) and guided by indications ob- 
tained when troubleshooting by starting proce- 
dure. 

d. Circuit breakers affecting the CY-1897/ 
FRN-22 circuits are given in the following table. 


Circuit breaker Controlled voltage and circuit 


KeLOOl eee 230 volts ac, to voltage regulator. K1001 
is the main breaker. 

K1003____--- 115 volts ac, to the RE-247/FRN-22 
(J804 and J805 in fig. 225). 

KGL G04 See ee 115 volts ac, to all other units in CY- 
1897/FRN-22 (through J801, J803, 


and J807 (fig. 16); also J802, J806, and 
J808, which are unused). 

GLOWS Ss ae oe 230 volts ac, to cabinet blower and 
heaters. 


e. Two interlock safety switches, $801 and S802 
(fig. 225) are located in the CY-1897/FRN-22 
at the top right corner of the rear door opening. 
Both control 230 volts ac to the cabinet blower 
and heaters, and must be closed before any part 
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of the heating and ventilating circuit will oper- 
ate. 

f. As in all troubleshooting, a visual inspection 
of cabinet wiring should be made before applying 
power or initiating other troubleshooting proce- 
dures. 


322. Troubleshooting Electrical Equipment 
Cabinets CY—1899/FRN—22 


a. The omnirange set includes two CY-1899/ 
FRN-22 cabinets, one for equipment No. 1 and 
the other for equipment No. 2. They are identi- 
cal in content and internal wiring and differ only 
in their external termination points through in- 
tercabinet wiring. Each cabinet contains the fol- 
lowing equipment components: 

(1) Goniometer. 

(2) Modulation eliminator. 
(3) Transmitter. 

(4) PP-1331/FRN-20. 
(5) PP-1329/FRN-20. 

b. The following list of illustrations on chart 
will be helpful in troubleshooting the wiring in 
the CY-1899/FRN-22. 


Fig. No. Caption 


11 | Electrical Equipment Cabinet CY—-1899/FRN- 
22, component installation diagram. 

29 | Typical electrical equipment cabinet, fuse 
location. 

226 | Electrical Equipment Cabinet CY-1899/FRN- 
22, interlock switch locations. 


148 | Ac power distribution circuits, schematic 
diagram. 

149 | Heating and ventilating circuits, schematic 
diagram. 

150 | Interlock and protective circuits, schematic 
diagram. 


226 | Electrical Equipment Cabinet CY—-1899/FRN- 

22, interior view. 

299 | Electrical Equipment Cabinet CY-1899/FRN- 
22, wiring diagram (equipment No. 1). 

300 | Electrical Equipment Cabinet CY—-1899/FRN- 
22, wiring diagram (equipment No. 2). 


c. Troubleshooting the CY-1899/FRN-22 is 
not shown by charted troubleshooting procedures; 
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it is carried out by referring to the wiring dia- | 
gram (fig. 299 or 300) and guided by indications | 
obtained when troubleshooting by the starting 
procedure. | 

d. Circuit breakers affecting the CY-1899/ | 


i 


FRN-22 are listed in the following table. a 


Circuit breaker Controlled voltage and circuit 


KtOOls “aes 230 volts ac, to the entire omnirange site 
equipment (main circuit breaker). j 
IRG Se: 115 volts ac, to the RE-247/FRN-22 in| 


the CY—1897/FRN-22 (necessary to get 
115 volts ac to PP-1331/FRN-20). 
Ki004S hues 115 volts ac, to the other components in 
the CY-1897/FRN-22 (necessary to, 
apply primary voltages to the other { 
power supplies). | 
SLOT. eee 230 volts ac, to the PP-1329/FRN-20, ‘| 
equipment No. 1. . 


Kidrasn Stn 230 volts ac, to the PP-1329/FRN- 20, 
equipment No. 2. | 


KIO cae 230 volts ac, to the heating and ventilating 
circuits. he 


and $1803, are located in each CY-1899/FRN-22) 
at the top right corner of the rear door opening 
(fig. 226). Switch $1801 controls power to the’ 
PP-1329/FRN-20. | 


tilating circuit will operate. 


A visual ey | 
should be made before applying power or inl 
tiating other troubleshooting procedures. 


323. Troubleshooting Electrical Equipment 
Cabinet CY—2274/FRN—22A 


a. The CY-2274/FRN-22A contains the fol- 
lowing equipment components: i 
(1) Meter panel. a 
(2) O-871/FRN-20, equipment No. 1. 4 

(8) AM-1246/FRN-20, equipment No. 1. 
(4) O-871/FRN-20, equipment No. 2. \ 
(5) AM-1246/FRN-20, equipment No. 2.) 


6. The following list of illustrations will be 
helpful in trouble shooting the CY-2274/FRN- 
99A wiring. 


Fig. No. Caption 


12 | Electrical Equipment Cabinet CY—2274/FRN- 
22A, component installation diagram. 


29 | Typical electrical equipment cabinet, fuse 
location. 

148 | Ac power distribution circuits, schematic 
diagram. 

149 | Heating and ventilating circuits, schematic 
diagram. 

150 | Interlock and protective circuits, schematic 
diagram. 


227 | Electrical Equipment Cabinet CY-2274/FRN- 
22A, interior view. 

301 | Electrical Equipment Cabinet CY-—2274/FRN- 
22A, wiring diagram. 


| c. Troubleshooting the CY-2274/FRN-22A 
-|wiring is not shown by charted troubleshooting 
‘\procedure; it is carried out by referring to the 
wiring diagram (fig. 301) and guided by indica- 
|tions obtained when troubleshooting by the start- 
ing procedure. 

d. Circuit breakers affecting the CY-2274/ 
|FRN-22A circuits are listed in the following 
-_jchart. 


324. General 


The goniometer troubleshooting described in 
|this section is performed on a test bench, and is 
primarily concerned with the subcarrier gener- 
ator circuits. Troubleshooting of the variable 
arrier portion of the goniometer is treated sepa- 
(rately in section IV of this chapter because of 
he complexity of the antenna circuits. All trou- 
leshooting procedures for the goniometer require 
xtreme accuracy to locate a trouble properly. 


(325. Troubleshooting Reference Data 


The following list of illustrations on chart will 
useful when troubleshooting the goniometer. 


Circuit breaker Controlled voltage and circuit 


KOR St 230 volts ac, to entire omnirange site 
equipment. 

KYO03S355) 4 115 volts ac, to the RE-247/FRN-22. 

K10045 20 52 115 volts ac, to the other CY-1897/ 
FRN-22. 

KOT pte arn 230 volts ac, to heating and ventilating 
circuit. 

KO ae 230 volts ac to O-371/FRN-20 and 
AM-1246/FRN-20 through the PP- 
1329/FRN-22 in the No. 1 CY-1899/ 
FRN-22. 

Ki0I2SSae 230 volts ac to O-371/FRN-20 and 


AM-1246/FRN-20 through the PP- 
1329/FRN-20 in the No. 2 CY-1899/ 
FRN-22. 


é. Four interlock safety switches, $1908, S1904, 
$1905, and $1906 are located in the CY-2274/ 
FRN-22A at the top right corner of the rear door 
opening (fig. 227). Switch $1903 controls power 
to the high voltage supplies of equipment No. 1, 
and S 1904 controls power to high-voltage sup- 
plies of equipment No. 2. The S1905 and $1906 
both control power to the cabinet blower and 
heaters, and must be closed before any part of 
the heating and ventilating circuit will operate. 
A visual inspection should be made before apply- 
ing power or initiating other troubleshooting pro- 
cedures. 


Section XI}. ELECTRICAL GONIOMETER GO-12/FRN—20 TROUBLESHOOTING 


Fig. No. Caption 


16 | Radio Transmitting Set AN/FRN-22A, cording 
diagram. 

17 | Electrical Goniometer GO-12/FRN-20, tube 
and control locations. 

30 | Electrical Goniometer GO-12/FRN-20, fuse 
and control locations. 

278 | Electrical Goniometer GO-12/FRN-20, sche- 
matic diagram. 

182 | Electrical Goniometer GO-12/FRN-—20, bench 
test setup. 

183 | Electrical Goniometer GO-12/FRN-—20, voltage 
and resistance diagram. 


228 | Electrical Goniometer GO-12/FRN-20, top 
view. 

229 | Electrical Goniometer GO-12/FRN-—20, bottom 
view. 


230 | Electrical Goniometer GO-12/FRN-20, sub- 

chassis interior view. 

304 | Electrical Goniometer GO-12/FRN-20, wiring 
diagram. 
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326. Equipment Required 

a. Test Equipment. The test equipment re- 
quired for troubleshooting is listed below with the 
applicable technical manual and the assigned 
common name. 


Test equipment Technical manual Common name 


Multimeter ME-77/U__| TM 11-6625- Multimeter. 
203-12. 

Spectrum Analyzer TM 11-5097___| Spectrum 
TS-723A/U. analyzer. 
Oscilloscope: DulMont; yn. se. - see. _ Pee Oscilloscope. 

Type 2559A. 


TM 11-5120___| AN/URM-— 


Frequency Meter 
AN/URM-32. 32. 

Frequency Meter TM 11-2698___| FR-67/U. 
FR-67/U. 

Voltmeter, Meter ME- |} TM 11-5132___| af vtvm. 
30A/U. 

Electronic Multimeter | TM 11-5511___| vtvm. 
TS-505/U. 

Electron Tube Test Set | TM 11-2661___| TV—2/U. 
TV-2/U or. 

Electron Tube Test Set | TM 11-5083___| TV-—7/U. 
TV-7/U. 


b. Additional Equipment. The additional equip- 
ment required to troubleshoot the goniometer sub- 
chassis is listed below with its common name. 


Qty Description Common name 


1 | 1,000 ohm, % watt +10% composi- 
tion resistor. 

1 | Power supply; 230 volts de at 30 

ma, 6.3 volts ac at 1.5 amp, 

£5%. 

1 | Fabricated cable (par. 329a) ______ 


Load resistor. 


Power supply. 


Power supply 
cable. 


327. Removal and Reinstallation 


a. Removal from Cabinet. Remove the goni- 
ometer from the CY-2274/FRN-22A in the fol- 
lowing order: 

(1) Disconnect the connectors from recep- 
tacles J1, J3, J4, J5, J6, and J7 (fig. 16). 

(2) Remove the cabinet trim strips (fig. 
11), support the chassis from the rear, 
and remove the panel screws. Care- 
fully lift the chassis and withdraw it 
from the cabinet. Do not lift the chassis 
too high; the goniometer capacitor ver- 
nier indicator will get caught on the 
cabinet. 
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b. Removal of Subchassis. To gain access to | 
the component parts of the subcarrier subchassis, 
refer to figure 17 and proceed as follows: 


the subchassis Se the goniometer ca 
pacitor housing at the housing (fig, | 
998). | 
(2) Remove the two rear screws which | } 
fasten the subchassis to the floating 
mount plate. Carefully slide the sub- | 
chassis back and lift off the floating | 


mount. 


I 


Note. The subchassis may be placed on its 
side beside the goniometer chassis during 4 
troubleshooting. | 


c. Reinstallation. 
as follows: | 
(1) Reinstall the subchassis by placing it in | 
the floating mount and securing it with i 

the two screws. 


Reassemble the goniometer 1 


Be sure the stud (panel | | 
end) anchors the subchassis and con- | 
nects the ground strap. | 
(2) Carefully place the goniometer in the | 
cabinet and fasten it with the panel - 
screws and trim strips. Refer to figure’! 
16 and complete all cable connections. ! 


328. General Precautions | 

a. Controls. SUBCARRIER LEVEL conti i 
R18 and IDENTIFICATION LEVEL control | 
R17 settings (fig. 229) may be changed as de-| 
sired during troubleshooting. Do not change the | 
settings of inductor L1 and L2 (fig. 230) dur 
troubleshooting. 

6. Short and B+ Checks. Before applyia| | 
power for troubleshooting, use the multimeter to | 
complete the checks shown in the chart below. | 
All resistance measurements are bétween test q 
point and chassis unless otherwise specified. 


Test Point Resistance (ohms) checked i 
Pind PViSr(h o228) i ees eee ee Infinites22-2e2 
Junction of R11 and C13 (fig. 230)_] Infinite_______ 
PEND OV 2 ckrs Lae ie ee ecient cae Infinite2aa== 
Pin GptV2 se ee ae Se Seer Infinitess=2ee= 
Net ged Ute Ye eee Rye, Se Ce age Re Beet. Infinite: 22a 
P.O", Vole a iss pieces sad ea nig Infinite: === 
Between terminal 10 and 6 of re- | Infinite_______ 


ceptacle J7 (fig. 228). 


329. Bench Test Setup 


a. General. The bench test setup illustrated 
in figure 182 is required when performing the 
troubleshooting procedures. The power supply 
should have good voltage regulation, a bleeder 
resistor across the output, and a power on-off 
switch. Set up the equipment as shown in A, 
figure 182, and connect the cables. Fabricate the 
power supply cable in accordance with connec- 
tions shown in B, figure 182 to a convenient 
length (not over 6 feet). 

b. Test Equipment. Before using the test 
equipment specified in paragraph 326 and shown 
in figure 182, consult the appropriate technical 
manual for operating and calibration procedures. 
Be extremely careful with test leads; use good 
quality low capacity shielded leads to avoid stray 
pickup. 


330. Localizing Troubles 


a. General. Troubleshooting the goniometer 
subcarrier chassis is divided into three sections: 


fixed oscillator, variable oscillator, and mixed 
signal circuits. Periodic checks of the power 
supply input to the subchassis should be made 
to insure adequate power during troubleshooting. 

b. Operational Check. Energize the equip- 
ment as shown in A, figure 182 and visually 
inspect for malfunction or improper test con- 
nections. Connect the Y INPUT of the oscillo- 
scope to the subchassis audio output leads and 
check for signal output. If there is no signal 
output, use Antenna AT-564/U as a probe and 
check with the RF meter for signals of 190.04 ke 
(pin 1, VI) and 200 ke (pin 6, VI) with the 
azimuth plate of the goniometer capacitor set 
at 90°. Operate the RF meter in accordance 
with instructions given in TM 11-5120. 

c. Use of Chart. Refer to the /ndication col- 
umn for troubles indicated from operational 
check and reports. The Probable trouble and 
Procedure columns offer suggestions for isolating 
the defective part or parts. 

d. Troubleshooting Chart. 


Item Indication 


Probable trouble 


Procedure 


1 | No subcarrier output at receptacle 


Mixer stage V2 inoperative --_-_-_- 


Fixed oscillator stage V1A inoper- 


ative. 


Swept oscillator stage V1B inoper- 


ative. 


2 | Subcarrier output at pin 1 of recep- 
tacle Jl not 9,960 cps with 
azimuth plate at 90°. 


Both oscillators off frequency - - - - - 


3 | Subcarrier frequency deviation not 


+ 480 cps. tive. 


Output amplifier stage V3 (fig. 
J1. 228) inoperative. 


Fixed oscillator V1A off frequency - 


Swept oscillator V1B off frequency - 


Goniometer capacitor C18 defec- 


Check V3. 

Check tube V3 voltage and resistance 
(fig. 183). 

Check V2. 

Check tube V2 voltage and resistance 
(fig. 183). 

Check V1. 

Check V1A voltage and resistance 
(fig. 183). 

Check V1. 

Check V1B voltage and resistance 
(fig. 183). 

Check coaxial line (P1, fig. 228) from 
capacitor C18 to swept oscillator for 
a short. 

Check fixed oscillator frequency (par. 
332a). 

Check swept 
(par. 332a). 

Check frequency of both oscillators 
(par. 332a). 

Replace complete goniometer capac- 
itor (chapter 5). 


oscillator frequency 


Voltage regulator V4 inoperative - - 
Capacitor C4 or C8 (fig. 230) de- 


4 | Amplitude modulation on subcar- 
rier output. 
fective. 
5 | Fixed oscillator and/or swept oscil- 


lator frequencies present in out- 
put at pin 1 of receptacle J1. 


Defective bypass capacitors C12 
and C13. 
Shortedichoke: Was. se see. = ae 


Check or replace tube V4. 
Check or replace capacitor C4 or C8. 


Check or replace capacitors. 


Replace L3. 
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ELECTRICAL SUBCHASSIS 


GONIOMETER 
GO-12/FRN 20 


DUMONT 
TYPE 2559A 
OSCILLOSCOPE 


pY INPUT ° 


‘oma 


‘FREQUENCY METER 
AN/URM-32 


SUBCHASSIS 
AUDIO OUTPUT 


AND 
6.3V AC, |.SAMP 
FREQUENCY METER 


FR-67/U 


A. TEST CONNECTIONS 


NOTES 


|. CONNECTOR PLUG, H.B. JONES S-310-FHT PLUG 
(SAME AS PLUG P1802), 


+230V DC #20 AWG 


10 2. CONNECTOR PLUG, AMPHENOL 9I-MC4M PLUG 
(SAME AS PLUG PI80)). 
TO 3. LENGTH OF CABLE AS REQUIRED. 
POWER 
SUPPLY} -230VDC, 30MA 3 
AND 
6.3V AC, |5AMP #20 
3. MATES 
6.3V AC, |.5AMP #20 AWG WITH 
Jl 


AUDIO 


NOTE 
OUTPUT 2 


TM215-227 
B. POWER SUPPLY CABLE FABRICATION 


Figure 182. Electrical Goniometer GO-12/FRN-20, bench test setup. 


a eS a 
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331. Signal Tracing 

Use the chart below to assist in tracing the 
signals normally present in the subcarrier sub- 
chassis. Set the multimeter for ac operation and 
use the ac probe in accordance with the instruc- 
tions given in TM 11-5511. Make measurements 
between the test point and chassis with the sub- 
chassis energized; use figure 278 as a circuit 
guide. 


Test point Ac voltage (volts) Stage checked 
mere V2 (ig, 230)... -) 62120-2402 Fixed oscillator. 
oy EO age |g ae Swept oscillator. 

Ree ) Vo a ae Deo ete T Mixer. 
Pin 1, receptacle J1___| 0.6+.15___-} Output amplifier. 


| 332. Frequency Check 
| a. Fixed and Swept Oscillators. Use the RF 
meter to check the frequency with the equipment 
set up and energized as shown in A, figure 182. 
Loosely couple the antenna hook to the cathode 
lead of the oscillator to be checked. The fixed 
oscillator frequency should be 190.04 ke +1 ke. 
| Check the swept oscillator frequency with the 
azimuth plate (fig. 30) set at 90° and 270° for 
200 ke, 0° for 200.480 ke, and 180° for 199.520 
| ke (all frequencies +1 kc). If oscillators check 
| normal in all other respects, refer to the aline- 
| ment section of chapter 5 for alinement pro- 
cedure. 
| 0b. Subcarrier Output. Use the AF meter and 
| the bench test setup shown in figure 182. Con- 
| sult TM 11-2698 for the AF meter operating 
| instructions and connect the input cable between 
| pins 1 and 4 of receptacle J1 (fig. 228). Com- 
| plete the following steps in the order given. 
| (1) Energize the equipment and,allow it to 
stabilize. Set the azimuth plate to 90° 
and measure the frequency. The fre- 
quency should be 9,960 cps +50 cps. 


Section XIll. 


(2) Set the azimuth plate to 270° and 
measure the frequency. The frequency 
should be 9,960 cps +50 cps. 

Note. Frequencies measured at 90° and 
270° must be within 10 cps of each other. 

(3) Set the azimuth plate to 0° and meas- 
sure the frequency. The frequency 
should be 10,440 cps +24 cps. 

(4) Set the azimuth plate to 180° and meas- 
sure the frequency. The frequency 
should be 9,480 cps +24 eps. 

(5) If steps 1 through 4 above are out of 


tolerance, check both oscillator fre- 
quencies and/or replace the goniometer 
capacitor. 
333. Isolating Troubles 
a. Voltage and Resistance Measurements. 


When the defective stage has been located, the 
voltage and resistance measurements shown in 
figure 183 will be useful in locating the defective 
part. Resistance measurements are to be made 
with all external connections to the goniometer 
removed. Observe the notes on figure 183, con- 
tained in separate envelope, during all resistance 
and voltage measurements. 
6b. Goniometer Motor and Reactor L4. 

(1) If motor B1 runs hot or fails to start, 
measure the resistance between terminals 
1 and 2 of terminal board E1 (fig. 229). 
The resistance should be 35 ohms +2 
ohms. If it is low, check capacitor C21 
for leakage or a short, or replace the 
motor. Check the resistance from ter- 
minal 2 to ground; the resistance should 
be infinite. 

(2) The resistance of reactor L4 is 500 ohms 
+10 ohms as measured between pins 9 
and 10 of receptacle J7 (fig. 228). If 
the resistance is too high or low, re- 
place it. 

c. Repairs and Alinement. Refer to the in- 
structions contained in chapter 5 when repairs or 
alinement are indicated. 


INDICATOR PANEL SB—830/FRN—22A TROUBLESHOOTING 


Warning: Lethal voltages are present in the CY-2274/FRN-22A. 


334. General 
The meter panel (fig. 233) is connected to the 
AM-1246/FRN-20 of each transmitting equip- 


through the CURRENT and LINE 
switches. The meter panel is more easily serv- 
iced on a test bench than in the cabinet. 


ment 
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335. Troubleshooting Reference Data 


The following list of illustrations on chart will 
be useful when troubleshooting the meter panel. 


Fig. No. Caption 


16 | Radio Transmitting Set AN/FRN-22A, cording 
diagram. 


57 | Indicator Panel SB-—830/FRN-22A, 
and indicator locations. 


control 


282 | Indicator Panel SB-830/FRN-22A, schematic 
diagram. 

301 | Electrical Equipment Cabinet CY—2274/FRN- 
22A, wiring diagram. 

305 | Indicator Panel SB-—830/FRN-22A, wiring 
diagram. 


336. Equipment Required 

a. Test Equipment. Only one piece of test 
equipment, Multimeter ME-77/U, is required. 
For instructions on use of the multimeter, see 
TM 11-6625-203-12. 

6. Additional Equipment. A two-wire cord is 
required to supply 115-volt ac power during 
troubleshooting. It should consist of two #18 
AWG insulated wires of suitable length, a con- 
nector at one end, which fits the available power 
outlet, and two terminal lugs at the other end 
for connection to terminal board TB1901 (fig. 
233). 


337. Removal and Reinstallation 

To remove the meter panel from the CY-2274/ 
FRN-22A, or te reinstall it, follow the instruc- 
tions given below. 

a. Removal. Disconnect the nine cabinet wir- 
ing leads from terminal board TB1901. Remove 
the two large screws at each end of the front 
panel and withdraw the meter panel. 

6. Reinstallation. Insert the meter panel in 
the cabinet, replace the four screws, and recon- 
nect the nine wires at the terminal board. Refer 
to figures 16 and 301 for wiring instructions. 


338. Troubleshooting Procedures for 
Indicator Panel SB—830/FRN—22A 

a. General. Troubleshooting the meter panel 
is divided into two sections: the current-measur- 
ing circuit and the frequency and voltage-meas- 
uring circuit. Refer to 6 or ¢ below, depending 
on the trouble encountered. 

b. Current-Measuring Circuit. 

(1) With the meter panel on the test bench, 
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disconnect the leads to CURRENT | 
meter M1901, and connect the two leads | 
This will prevent damage to | 
the meter panel by the multimeter. Use | 
the multimeter at the test points indi- | 


together. 


cated and make the following continuity 
check. 


Note. The multimeter indication should be 
0 ohm for each test. 


Terminal 
board 
TB1901 
test points 


CURRENT switch 81901 position 


EQUIPMENT NO. 1 AMP TOTAL_______- 10 to 6. 
EQUIPMENT NO. 1 DRIVER TOTAL-__-_-_| 10 to 7. 
EQUIPMENT NO. 2 DRIVER TOTAL__-__| 10 to 8. 
EQUIPMENT NO. 2 AMP TOTAL_______- 10 to 9. 


(2) As a short-to-ground check of switch | 
S1901, perform the following test. Use | 
the same test setup described in (1) | 

A zero resistance indication on | 

the multimeter indicates a short circuit | 


above. 


in switch $1901; replace the switch. 


Note. 
finite resistance. 


Terminal board 
TB1901 test points 


CURRENT switch S1901 position 


EQUIPMENT NO. 1 AMP TOTAL__| 6 and chassis 


ground. 
EQUIPMENT NO. 1 DRIVER | 7 and chassis 
TOTAL. ground. 
EQUIPMENT NO. 2 DRIVER | 8 and chassis 
TOTAL. ground. 
EQUIPMENT NO. 2 AMP TOTAL__| 9 and chassis 
ground. 


(3) If the above checks prove satisfactory, i 


the difficulty is in meter M1901. Re- 
place the meter or send it to the sup- 


porting instrument shop for repair with | 
information on the difficulty encoun- | 


tered. 


c. Frequency and Voltage Measuring Cireutt. i 
(1) With the meter panel on a test bench, | 
and a convenient 115-volt, 60-cps supply | 


available, make the tests indicated be- 
low. 


accomplished with this supply also. 


| 
| 
I 
i 


If an accurate 115-volt, 50-eps | 
supply is available, the check should be © 


The multimeter should indicate in- — 


Warning: Disconnect the 115-volt 
supply when changing the terminal 
board connections. 


M1903 M1902 Nor- 
ou mal FRE- 


Connections to | LINE switch $1902 position 
TB1901 OLTS QUENCY 


Brandi’ 2 2% EQUIPMENT 115 60 (50) 
INO ee 

Pan On 2.2 EQUIPMENT 115 60 (50) 
NO. 2. 

Note. The FREQUENCY meter (M1902) 


when installed with the meter panel in the 
cabinet and operating with the other com- 
ponents, should indicate 50 cps when the 
omnirange site is supplied from a_ 60-cps 
source. Conversely, when the line power is 
50 eps, meter M1902 should indicate 60 eps. 


After a warmup period, time-delay relay K902 
in the O-371/FRN-20 shifts the input to the 
goniometer motor from omnirange site power 
(60 or 50 eps) to the regulated supply from 
the O-371/FRN-20 (at 50 or 60 eps). If the 
correct frequency is not indicated, and if relay 
K902 is functioning properly, replace or send 
meter M1901 to the supporting instrument 
shop for repair, tagged with information on 
the trouble. 


(2) For a short-to-ground check of switch 
51902, disconnect the 115-volt supply at 
TB1901. Set S1902 to EQUIPMENT 
NO. 1 position. Connect the multimeter 
between terminal 2 and ground of 
TB1901 to make a resistance measure- 
ment of S1902. A zero resistance indi- 
cation on the multimeter indicates a 
short circuit in $1902, and it must be 
replaced. 


Section XIV. KEYER KY—175/FRN TROUBLESHOOTING 
Warning: Dangerous voltages are present in the CY-1897/FRN-22. Take adequate precau- 


tions at all times to prevent electrical shock. 


339. General 

Two keyers, one for each transmitting equip- 
ment, are located in the CY-1897/FRN-22 and 
connected electrically between their respective 
O-373/FRN oscillators and the RE-248/FRN- 
22. Although the keyer may be serviced in the 
cabinet, it is preferable to check it on a test 
bench for easier accessibility to its parts. Be 
sure to give the keyer a thorough visual inspec- 
tion before applying power. 


340. Troubleshooting Reference Data 


The illustrations on chart listed below will be 
an aid when troubleshooting the keyer. 


Fig. No. Caption 


16 | Radio Transmitting Set AN/FRN-22A, cording 
diagram. 
33 | Keyer KY-175/FRN, fuse and code and cycle 
wheel locations. 
45 | Alignment of code and cycle wheels with typical 
breakouts. 

46 | Data for cycle wheel breakouts. 
284 | Keyer KY-175/FRN, schematic diagram. 
158 | Modulating signal circuits, schematic diagram. 
298 | Electrical Equipment Cabinet CY—-1897/FRN- 
22, wiring diagram. 
306 | Keyer KY-175/FRN, wiring diagram. 


341. Equipment Required 

Multimeter ME-77/U (TM 11-6625-203-12) 
is the only test equipment required to trouble- 
shoot the keyer. 


342. Removal and Reinstallation 


Neither removal nor reinstallation requires any 
special procedures. 

a. Removal. To remove the keyer from. the 
CY-1897/FRN-22, disconnect the 115-volt ac 
line from receptacle J501 (fig. 236), and the in- 
put and output leads at terminals 1, 2, and 6 on 
terminal board TB501. Remove the trim strips 
and loosen the two screws (total of four) at each 
end of the front access panel. The keyer may 
then be withdrawn from the cabinet. To gain 
access to motor M501, motor-phasing capacitor 
C501, and resistors R502, R503, and R504 (fig. 
235), loosen the knurled thumbscrew on each end 
of the front access panel. To obtain access to 
the gear train, switches $501 and $502, and code 
wheel W1 or cycle wheel W2 (fig. 236), loosen 
the two screws and remove the dust cover at the 
rear of the keyer. 

b. Reinstallation. To reinstall the keyer, re- 
place the dust cover and front access panel and 
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tighten the two screws. Insert the keyer in the 
cabinet, tighten the screws at the ends of the 
access panel, and replace the cabinet trim strips. 
Connect the input and output leads to terminals 
1, 2, and 6 on terminal board TB501 (fig. 236). 
Connect the 115-volt ac line to receptacle J501 
if the keyer is serviceable. 


343. General Precautions for 
Troubleshooting 

Before applying power for troubleshooting, 
make a visual inspection to insure that fuse F501 
is serviceable, connections at J501 and TB501 
are securely made, the gear train is meshing 
properly, and that the contact arms and rollers 
on switches S501 and S502 are free to move. 


344. Bench Test Setup 

a. General. Connection of the keyer for bench 
testing 1s the same as shown in figure 284, except 
that the motor power supply may be any con- 
venient 115-volt ac source instead of the RE- 


Item | 


247/FRN-22 and there are no connections at — 
terminal board TB501. 

b. Cable Fabrication. No special leads are re- 
quired for the test installation. A normal 115- 
volt ac male connector is needed at receptacle 
J501; the multimeter leads may be used to take 
measurements at terminal board TB501. 


345. Troubleshooting Procedure 


a. General. Troubleshooting the keyer, using 
the troubleshooting chart, involves the motor cir- 
cuit, the gear-wheel-switch system, and R502, 
R503, and R504 (fig. 235). 

b. Preliminary Operational Check. To insure 
a safe bench test setup, and while the keyer is 
warming up, check the keyer visually for smooth 
operation of motor M501, the gear train, and 
switches S501 and S502. 

c. Chart Use. To use the troubleshooting 
chart, follow the steps in the order given, omit- 
ting those steps which are not applicable. 

d. Troubleshooting Chart. 


Indication Probable trouble Procedure 
Ih NS Outputs hee Se ING power. tei dh ee. 2 SU ee Check 115-volt ac supply. 
Blown; fuse: (fig:}236)2__ - 208. S224 4 ee Check F501. 
Inoperative motor (fig. 235): 2 e222 2.32. Check M501. 
Open ‘capacitor..°- 5) _.\_. ay ee els Check C501. 


(fig. 109). 


Gear teeth locked___ __ 
Open switeh_ .2__2___ 
Open resistor. _ + -___- 
2) orratic ou’putsjoe see Intermittent power supply 
Motor cutting out_____ 
Broken gear teeth _____ 
W2 not rotating at 12 to 1 ratio____._______- Check for gear slippage. 
Switch defective______- 
Broken code wheel segments_______________- 
More than nine segments out of cycle wheel 


Check gear train. 

Check 8501 and S502. 

Check R502, R503, and R504. 
Check power to J501. 

Check M501 and C501. 
Inspect gear train teeth. 


Check $501 and 8502. 
Inspect W1 segments. 
Inspect W2 segments. 


Section XV. MODULATION ELIMINATOR MX-—1843/FRN-20 TROUBLESHOOTING 


346. General 


The modulation eliminators, one for each 
transmitting equipment, are located in the CY- 
1899/FRN-22 cabinet and have self-contained 
power supplies. Service the modulation elimi- 
nator in the cabinet. Use the information in 
this section to obtain a complete and accurate 
diagnosis of troubles. To avoid additional dam- 
age or difficulties, be sure to complete the short 
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and B+ tests (par. 3506) and perform a thor- 
ough visual inspection before applying power. 
If special repair procedures are required after 
the trouble has been located, refer to chapter 5. 


347. Troubleshooting Reference Data 


The following list of illustrations on chart 
will be useful when troubleshooting the modu- 
lation eliminator. 


Fig. No. Caption 


11 | Electrical Equipment Cabinet CY-—1899/FRN- 
22, component installation diagram. 

16 | Radio Transmitting Set AN/FRN-22A, cord- 
ing diagram. 


18 | Modulation Eliminator MX~—1843/FRN-20, 
tube and control locations. 

31 | Modulation Eliminator MX-1843/FRN-20, 
fuse and control locations. 

277 | Modulation Eliminator MX~—1843/FRN-20, 


schematic diagram. 

184 | Modulation Eliminator 
bench test setup. 

185 | Modulation Mliminator MX~—1843/FRN-20, 
voltage and resistance diagram. 

209 | Relay adjustment data sheet. 

237 | Modulation Eliminator MxX-—1843/FRN-20, 
interior view. 


MX-~-1843/FRN-20, 


238 | Modulation Eliminator MX~—1843/FRN-20, 
rear view. 
307 | Modulation Eliminator MX~—1843/FRN-20, 


wiring diagram. 


348. Equipment Required 


The test and other equipment needed to trou- 
bleshoot the modulation eliminator are listed 
below. 


a. Test Equipment. The test equipment re- 
quired for troubleshooting is listed below with 
the applicable technical manual and the assigned 
common name. 


Test equipment Technical manual Common name 


Audio Oscillator 
TS-—382A/U. 

Electronic Multimeter 
TS-—505/U. 

Electron Tube Test 
Set TV—2/U or 

Electron Tube Test 


TM 11-2684A_| AF oscillator. 
TM. 11—5511__.| Vtvim. 


TM 11-2661___| TV—2/U. 


TM 11-5083___| TV-7/U. 


Set TV-7/U. 
Multimeter ME-77/U_| TM 11-6625— | Multimeter. 
203-12. 
Oscilloscope, DuMont, |_______-.______- Oscilloscope. 


Type 2559A. 

Radio Frequency Watt- 
meter AN/URM— 
43A. 


TM 11-5133___| Wattmeter. 


b. Additional Equipment Required. Addi- 
tional equipment required to troubleshoot the 
modulation eliminator is listed below with its 
common name. 


Quantity Description Technical literature Common name 
3 | Safety door switch (cap portion) Bryant Electric Co. | None_------------- Interlock jumper plug. 
No. 4600A (Federal Stock No. 5930—757-4130). 
1 | Radio Transmitter T-573/FRN-—20_.__--------------- Sect. X XPEr gainrr. Transmitter. 
1) Power Supply PP-1331/FRN-20_-- --2--22----------- Neck. Aigo 
1 | Cable, bench test, between power supply and transmitter_| Par. 851______------ Test cable. 
Mamcabie pench testt0 gous seen! f9. 1) FL. .-- 1b - Par. 351... .-----2-| Lesh cable: 
PeucoD. oscilloscope pickupl efi: U2 [bVePl_...---22- Paresolies. [2b 8 Pickup loop. 
METI Ole nCOakial oe. oe et Wo, Pe tb ls. led Part lino tices = Coaxial test cable. 


349. Removal and Reinstallation 


If it is necessary to remove the modulation 
eliminator from the cabinet, proceed as follows: 

a. Removal. Open the rear door of the CY- 
1899/FRN-22 and remove plugs. P1804, P1805, 
Pi, and P1814 (fig. 16) from the modulation 
eliminator. Remove plug P14 from the goni- 
ometer. Remove the trim strips and the four 
screws at the sides of the front access panel. 
Withdraw the modulation eliminator from the 
cabinet. 


Warning: Before removing the plugs from 
the modulation eliminator, be sure that the 
transmitter is not operating. 


b. Reinstallation. Install the modulation 
eliminator in the cabinet, tighten the four screws 
on the front panel, and replace the cabinet trim 
strips. Connect the plugs to their proper recep- 
tacles (fig. 16). 


350. General Precautions 


a. Controls. One screwdriver adjustment (R9 
for the side band level, fig. 237) is located behind 
an access hole in the front panel. Another screw- 
driver adjustment (C7 for adjustment of output 
resonant frequency, fig. 238) is located at the 
rear of the modulation eliminator. Do _ not 
change either of these settings during trouble- 
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shooting unless specifically told to do so in this 
section. 


Warning: Always shut the transmitter off 
before adjusting C7. The adjustment for C7 
is located near the output tank coil of the 
transmitter which can cause an RF burn with- 
out physical contact. 


b. Short and B+ Test. Before applying 
power, inspect the modulation eliminator vis- 
ually to insure that the interlock switch is serv- 
iceable, receptacles for power input and output 
are in working order, and that all tubes are 
properly seated in their sockets. With the modu- 
lation eliminator disconnected, and using figures 
277 and 237 as a reference, test for a short cir- 
cuit in the B+ circuit by measuring with the 
multimeter between the junction of resistors R2 
and R6 and chassis ground. A value of 25,000 
ohms should be obtained. If any other value 
is obtained, check resistor R6 and capacitors C2 
(fig. 237), C5, C6, C10, C11, and C12 (fig. 238) 
for a defect before applying power. 


351. Bench Test Setup 


If it is necessary to remove the modulation 
eliminator from the cabinet, the following test 
setup will apply. 

a. General. The test setup for the modulation 
eliminator is shown in figure 184. The test 
equipment is adjusted in accordance with the 
respective technical manual listed in paragraph 
348a. Power Supply PP-1331/FRN-20 is ad- 
justed in accordance with the procedure outlined 
in paragraph 38. The transmitter is adjusted 
in accordance with the procedure outlined in 
paragraph 39, except that the wattmeter should 
be connected to receptacle J1 (fig. 238) on the 
modulation eliminator, and the ANTENNA 
LOADING control (par. 39g) is adjusted for a 
40-watt output indication on the wattmeter. 

b. Cable Fabrication. Connecting leads for 
the AF oscillator, vacuum-tube voltmeter, mul- 
timeter, and oscilloscope are furnished with the 
test equipment. The connections for the PP- 
1331/F RN-20, the transmitter, the modulation 
eliminator, the wattmeter, and the oscilloscope 
must be fabricated as indicated in the following 
chart. 
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Item and use Wire size Length 


Jumper wire between terminals | #18 AWG___| 2 in. 
28 and 29 of TBI. 

Electrical plug connector, James 
Millen Co. part No. 37001 
(Federal Stock No. 5935-259-— 
6810) (plug) at J2 of trans- 
mitter. 

Electrical plug connector, How- 
ard B. Jones Co. part No. S- 
315-FHT (Federal Stock No. 
5935—295—4825) at J1 of trans- 
mitter. 

Electrical plug connector UG-— 
21B/U at J1 for wattmeter 
connection. 

Electrical plug connector, Amer- 
ican Phenolic Corp. part No. 
(Federal Stock No. 5935-376- 
9307) 91-MC4M at J5. 

Electrical plug connector, Gen- 
eral Electric Co. part No. GE-— 
4317-1 (Federal Stock No. 
5935-665-4406) at J4. 

Electrical plug connector UG— 
88/U at oscilloscope for pick- 
up cable. 

Wire for connections between J1 
of transmitter and TB1 of PP- 
1331/FRN-20 (separate the 
two units about 2 feet). 

Wire connections between J5 of 
modulation eliminator and 
TB1 of PP-1331/FRN-20. 

Wire for connections between J2 


#18 AWG_-_-_| 22 ft. 


#18 AWG___-1) 107% 


#18 AWG 3 ft. 


of transmitter and TB] of PP- (high 
1331/FRN-20. voltage). 
Coaxial cable for connections be- | RG—8/U___-_- 5 ft 
tween J1 of modulation elim- 
inator and wattmeter. 
Coaxial cable pickup for oscillo- | RG—8/U___-- 5 ft 


scope. Strip back rubber in- 
sulation and shield approxi- 
mately 4 in. on one end. 
Wire, for connections between J4 
and the 115-volt ac source. 
Wire, for connections between 
terminals 24 and 25 of TB1 
and the 115-volt ac source. 


#14 AWG___| 5 ft. 


#14 AWG___| 5 ft. 


c. Modulation Eliminator Signal Voltage. 
When bench testing, use the transmitter and 
PP-1331/FRN-20 to obtain sufficient power for 
« proper check. 

d. Test Procedure. If a bench test is neces- 
sary, proceed as follows: 

(1) Remove the components from the cabi- 
net (par. 349). 


MODULATION ELIMINATOR 
MX-1843/FRN—20 


RF 
WATTMETER 
AN/URM-43A 
115V AC 
50/60 CPS 
RF 
WATTMETER 
LOAD WATTMETER a AN/URM-43A 
115V AC 
50/60 CPS RADIO TRANSMITTER 


T-573/FRN-20 


ANW2 LOAD WATTMETER 


(NOTE 1) 


AUDIO OSCILLATOR 
TS—382A/U 


DUMONT 
TYPE 2559A 
OSCILLOSCOPE 


POWER\\SUPPLY \ curecy SSE — 


A. TEST CONNECTIONS 


(NOTE 2) (NOTE 3) 


(NOTE 7) 
(NOTE 6) 
| TO TERM. #1 
TO TERM. #3 115V AC MATES 
y 50/60 CPS WITH 
6 TO TERM. #6 B/J4 
u TO TERM. #7 


1 }—$ ANA 0 Ter 
NOTES 
12} TO TERM. #12 |. PICK UP PROBE TO RF TANK CIRCUIT . 
2. CONNECTOR, PLUG, H.B. JONES . #S-315-FHT 
TO TERM. #5 (SAME AS P1806) . 
ohh 1s }_—$-— $$ To TER. #14 3. INSTALL SPADE TERMINAL LUGS OF PROPER 


SIZE ON ALL WIRES CONNECTING TO 


15> f}_$-A@@ a @$_$_$_$_$__$ $$ To TERM. #15 TERMINAL BOARD TBI . 
4 


4. CONNECTOR, PLUG, AMPHENOL #9IMC4M 


10 0 TERM. #10 TBI (SAME AS P1804) . 
5. CONNECTOR, HV TYPE, 1 PIN, J.M. MILLEN 
2>+- MevEAC oS eee CO., #37001 (SAME AS P1807) | 
4 50/60 CPS | to TERM. #25 6. ALL CABLE WIRES ARE #18 AWG STRANDED 
ea UNLESS OTHERWISE SPECIFIED . 
5+ NOT USED lan TO TERM. #28 7. CONNECTOR, PLUG, GE #GE-43IH (SAME 
e> O TERM. #29 as ak ae 
gt TO TERM. #26 
| (NOTE 4) 
3 1 
MATES WITH 
(NOTE 5) ee e 
ong > ert tO TERM. El 
A/J2 
B. CABLE FABRICATION TM215-229 


Figure 184. Modulation Eliminator MNX-1843/FRN-20, bench test setup. 
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(2) Connect the components and test equip- 
ment as indicated in the test setup (fig. 
184). 

(3) Connect the necessary jumpers and loads 
(fig. 184). 

(4) Install the interlock jumper plugs. 

(5) Apply 115 volts ac to terminals indi- 
cated (fig. 184). 


352. Localizing Troubles 


a. General. Troubleshooting the modulation 
eliminator by using the following chart provides 
a systematic check to isolate a defective part. 

b. Preliminary Operational Check. To pre- 
vent the introduction of additional troubles when 
using the bench test setup, check the setup for 


Item Indication 


1} V1, V2, V3, and V4 filaments do 
not light. 

2 | V1, V2, and V3 filaments do not 
light. 

3 | V4 filament does not light_______- 


4. |. Low, or no, output_. S22 


Defective carrier amplifier or out- 


put stage. 


5 | High output 


6 | Output contains modulation greater 
than 5%. 


~J 


Meter indicates wrong values______ 
8 | Meter indicates wrong value on an 
individual switch position. 


353. Isolating Trouble 


a. Voltage and Resistance Measurements. Be- 
fore referring to figure 185, contained in separate 
envelope, read the notes carefully to duplicate 


the test conditions. The voltage and resistance 
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Probable trouble 


Blown fuse or defective interlock __ 
Defective transformer_________-_- 
Defective transformer or tube-_-__- 


Low or no B+ 


secure and proper connections (fig. 184). Turn _ 


on the equipment and closely observe the units 4 


for such defects as overheating and smoking | 
components, cold tubes, or blown fuses. If the | 
modulation eliminator has no output when ~ 


mounted in the cabinet, but functions properly | 


on the test bench, power relay K1 (fig. 237) may 
not be energizing. In this case, check the wiring 
between receptacle J5 and the RE-248/FRN-22 
(figs. 298 and 299 or 300 and 303). 

c. Use of Chart. To use the chart, check the 
Indication column for the trouble symptoms ob- 
served, note the probable troubles that may exist, _ 
and apply the corrective procedure given for that 
trouble, observing all paragraph references. 

d. Troubleshooting Chart. 


Procedure 


Check F1 and S1 (fig. 237). 
Check 6.3-volt winding (par. 353b). 


Check 5-volt winding (par. 353b). 
Check V4 (fig. 238). . 


TSClShs aes Check V4. 
Check C10 and C12. q 
Check K1. If energized, check con- 
tacts. : 


Make voltage and resistance measure- __ 
ments at V4 (fig. 185). “a 

Check V1. 

Make voltage and resistance measure- 
ments at V1. 

Check capacitor C5 for an open. 

Check capacitors C7 and C8. 

Check inductor L3 (par. 3530). 

Check tube V2 for gas. 

Check adjustment of R9. 

Readjust R9 (par. 46 ch. 2). 

Check V2 by substitution. 

Check resistor R2. 

Check V2 and V3. 


Make voltage and resistance measure- 


ments at V2 and V3. 
Check capacitor C5 for an open. 
Check adjustment of R9. 
Check and replace meter M1. 
Check resistor R7, R8, or R10. 
Check switch S82. 


measurements in figure 172 are used to assist in 
isolating faulty parts after a defective stage has 
been located. When the defective part is located, 
check all associated parts to determine whether 
another part caused the failure. A shorted ca- 
pacitor can overload an associated resistor. 


b. Transformer and Inductor Resistance. The 
de resistances in the chart below are used to 
isolate a transformer or inductor that is open or 
shorted. 


Transformer or Connection points Resistance 
inductor (ohms) 

mt (og. 238)... . Across leads_________- Less than 1. 
UES Ee oo peat eal Across leads_____-.__- Less than 1. 
“WLR oy see Across leads______-___ Less than 1. 
“Lh yee 8S ER Across leads_________- Less than 1. 
iA ieee gueyn y= sel <3 =>! Across leads... _._._- Less than 1. 
ye ae ae Oh 2 Across leads___._.___- Less than 1. 
| Degree.) alin NCTOSS 1CAdS= 22 es 130 
“(eT aus 2 al aaa (UA I Vay cee a ES I a 8. 

Across 275-volt wind- | 75. 

ing. 
Across 5-volt winding__| Less than 1. 
Across 6.3-volt winding_| Less than 1. 


354. Additional Troubleshooting Data 


a. Tube Substitution. Sometimes, even though 
tubes may have been tested with the tube tester, 
it is necessary to substitute one or more tubes 
to be sure that a tube is not the cause of trouble 
in a defective stage. Never leave a new tube in 
the socket if the modulation eliminator operates 
satisfactorily with the original tube. 

6. Parts Substitution. Another procedure to 
use for hard-to-find difficulties is to substitute 
parts that are known to be functioning properly 
for suspected parts. Be sure to disconnect the 
suspected part before connecting the known tem- 
porary part. Do not leave the new part in the 
modulator eliminator unless it corrects the dif- 
ficulty. 

c. Lepawr and Test. For instructions on spe- 
cial techniques used to repair the modulation 
eliminator, see chapter 5. For the final test pro- 
cedures, refer to chapter 6. 


Section XVI. POWER SUPPLY PP—1329/FRN—20 TROUBLESHOOTING 


Warning: Extremely high voltages are present in this equipment when power is applied. 
Avoid physical contact with exposed parts and terminals. 


355. General 


a. Troubleshooting of the PP-1329/FRN-20 is 
best undertaken at the test bench, but it may be 
carried out with the PP-1329/FRN-20 in place 
in the equipment cabinet, when necessary. Since 
this power supply weighs 177 pounds, its re- 
moval from the cabinet should not be attempted 
without help and unless it is absolutely neces- 
sary. 

6. The PP-1329/FRN-20 supplies high volt- 
ages to the AM-1246/FRN-20. There is one 
| such power supply for each transmitting equip- 
' ment. Troubleshooting the PP-1329/FRN-20 
consists mainly of the measurement of input 
voltages, output voltages, ripple content of out- 
put voltages, resistances of parts, checking tubes, 
and replacement of defective tubes or parts. 


356. Troubleshooting Reference Data 


The following list of illustrations will be help- 
ful when troubleshooting the PP-1329/FRN-20. 


Fig. No. 


Caption 


11 | Electrical Equipment Cabinet CY-—1899/FRN- 
22, component installation diagram. 

16 | Radio Transmitting Set AN/FRN-22A, cording 
diagram. 

21 | Power Supply PP-1329/FRN-20, tube, fuse, 
and thermal relay locations. 

239 | Power Supply PP-1329/FRN-20, fuse loca- 


tions. 

281 | Power Supply PP-1329/FRN-20, schematic 
diagram. 

186 | Power Supply PP-1329/FRN-20, bench test 
setup. 


187 | Power Supply PP-1329/FRN-20, voltage and 
resistance diagram. 

239 | Power Supply PP-1329/FRN-20, interior view. 
240 | Power Supply PP-1329/FRN-20, rear view. 
241 | Relay adjustmént data. 

308 | Power Supply PP-1329/FRN-20, wiring dia- 
gram. 
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357. Equipment Required 

a. Test Equipment. Test equipment required 
for troubleshooting is listed below with the ap- 
plicable technical manual and common name. 


Test equipment Technical manual Common name 


Electronic Multimeter | TM 11—-5511___| Vtvm. 


TS—505/U. 
Multimeter ME-77/U__| TM 11-6625- 
203-12. 
TM 11-2661___| TV—2/U. 


Multimeter. 


Electron Tube Test 
Set TV-—2/U or 
Electron Tube Test 

Set TV-—7/U. 


TM 11-5083___| TV—7/U. 


b. Additional Equipment Required. Addi- 
tional equipment required for troubleshooting 
the PP-1329/FRN-20 is listed below with its 
common name. 


Qty Description Common name 


1 | Tool Equipment TE-113_---- Tool kit. 

3 | Safety door switch (cap por- | Interlock jumper 

tion) Bryant Electric Co. plug. 

No. 4600A (Federal Stock 

No. 5930—757—4130). 

1 | Bench test cable (par. 360c)__| Test cable. 

1 | 5,000-ohm, 75-watt wire- | 500-volt load. 
wound resistor. 

2 | 100,000-ohm 2-watt resistors__} Load resistors. 

2 | 20,000-ohm 150-watt wire- | 1,350-volt load. 
wound resistors. 

2 | 2-uf 3,000-volt de capacitors__| Blocking capaci- 

tor. 


358. Removal and Reinstallation 


a. Removal. The PP-1329/FRN-20 weighs 
177 pounds; do not attempt to remove it from 
the cabinet without assistance. Proceed as fol- 
lows: 

(1) Disconnect plug P1808 from receptacle 
J1401 (fig. 16). Detach the plate caps 
from terminals E1801 and E1802 at the 
side of the cabinet (fig. 16). 

(2) Remove the cabinet trim strips by pry- 
ing them out from the trim strip clips 
with a screwdriver. 

(3) Station a helper at the rear of the cabi- 
net to hold the chassis while the chassis 
mounting screws are removed. The 
chassis must not be allowed to tilt down 
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into the cabinet bottom while the mount-__| 
ing screws are being removed. i 

(4) Remove the chassis mounting screws, | 
beginning at the top. | 

(5) Hold the bottom of the panel in place 
while the bottom screws are removed 
and the helper holds the chassis in place. 

(6) Draw the chassis forward, out of the 
cabinet. The helper should lift the 
chassis rear edge clear of the opening 
and help support the chassis as it is 
lowered to the floor. 

b. Reinstallation. To replace the PP-1329/ 
FRN-20, proceed as follows: 

(1) Place the unit on the floor in front of 
the cabinet. 

(2) Have the helper lift the rear edge of 
the chassis clear of the opening. 

(3) Have the helper apply backward pres- . 
sure to the chassis while the mounting | 
screws are being replaced from the bot- 
tom up. 4 

(4) Replace the cabinet trim strips, and tap — 
them onto the mounting clips with a | 
rubber mallet or padded hammer. 


359. General Precautions 


Warning: Observe standard safety precau- | 
tions when measuring high voltages, and when | 
working where interlocks are disabled. 


a. When troubleshooting this power supply, | 
make repairs discovered by visual inspection or | 
from other sources before applying power. Re- 
pair all defects as they are discovered before con- | 
tinuing with bench tests or troubleshooting. If | 
there are defects, or indications of defects which | 
might cause damage if power is applied, do not | 
apply power until these defects are corrected. 

b. Servicing the PP-1329/FRN-20 in the cabi- _ 
net requires disabling of interlocks S1803 and 
$1804 (fig. 226) with interlock jumper plugs. 
When the front panel is removed, interlock $1402 _ 
(fig. 239) must also be disabled with a jumper | 
plug. Be careful when these interlocks are dis- 
abled, because they no longer protect personnel 
from the high voltages present within the units. 

(1) Power to the PP-1329/FRN-20 is con- 
trolled by main circuit breaker K1001 
and circuit breaker K1011 (for equip- — 
ment No. 1) or K1012 (for equipment — 
No. 2) 

(2) When K1001 is closed, 115-volt ac power 


is applied to the relay circuits of the 
PP-1329/FRN-20 when 9 is dialed for 
equipment No. 1 or 7 for equipment No. 
2. Be sure that all power is removed 
before troubleshooting. Dial 10 and open 
K1011 or K1012, whichever is applicable. 


| 360. Bench Test Setup 


a. The bench test setup tor the PP-1329/FRN- 

| 20 is shown in figure 186. Remove the front 

| panel by loosening the captive thumbscrew at 

each corner. Install an interlock jumper plug in 

| $1402. 

| 0. Power sources of 115 volts ac and 230 volts 

| ac at 50 to 60 cps with switching facilities to con- 

1 trol application of power are required. 

| c. Make up a test cable to provide power to the 

| component and connections for test equipment as 

| follows (length as required) : 

| (1) Use plug connector AN/3106B-36-18S 
for connection to receptacle J1401 of the 
PP-1329/FRN-20. 

(2) Use a suitable plug to mate with the 
available ac power outlet. 

(3) Make connections as shown in the fol- 
lowing chart: 


Cy 


Terminal Connected to Use wire size 
iG 230-volt ac source.2.....---.-- #14 AWG. 
H 500-volt load resistor (5,000- | #18 AWG. 
ohm 75-watt). 
500-volt load resistor and dc | #18 AWG. 
blocking capacitor. 
PRorcenmiialW: = eter sey a #18 AWG. 
Moutermanal Veneer #18 AWG. 
yaU=VOltaAC SOURCE. —_2---=-.4-= #14 AWG. 
115-volt ac source (and terminal | #14 AWG. 
M). 
115-volt ac source (and terminal | #14 AWG. 
N). 


d. Complete the test bench setup as follows: 

(1) Provide a suitable mounting for the 
5,000-ohm 75-watt resistor (500-volt 
load), one 2-microfarad 3,000-volt ca- 
pacitor (blocking capacitor), and one 
100,000-ohm 2-watt resistor. 

(2) Join one lead of the 100,000-ohm and 
5,000-ohm resistors and connect this 
junction to terminal H of the test cable 
plug. 

(3) Join one terminal of the blocking capac- 
itor to the remaining lead of the 5,000- 


ohm resistor and connect this junction 
to terminal J of the test cable plug. 

(4) Connect the remaining terminal of the 
blocking capacitor to the remaining lead 
of the 100,000-ohm resistor. 

(5) Provide a suitable mounting for two 
20,000-ohm 150-watt resistors (1,350-volt 
loads), one 100,000-ohm resistor, and one 
2-microfarad blocking capacitor. 

(6) Join together one terminal of each 1,350- 
volt load resistor to one lead of the 100,- 
000-ohm resistor. Connect this junction 
to the power supply chassis with #14 
AWG wire. 

(7) Connect each free end of the 1,350-volt 

load resistors to transformer T1403; one 

to terminal 5, the other to terminal 9, 

using #14 AWG wire. 

Connect the free end of the 100,000-ohm 

resistor to the 2-microfarad blocking ca- 

pacitor. 

Connect the remaining lead of the block- 

ing capacitor to terminal 7 of T1403 

using #14 AWG wire. 


(8 


— 


(9 


— 


361. Preliminary Bench Test Procedure for 
Power Supply PP—1329/FRN—20 


a. Preliminary procedures for bench tests are: 

(1) Make a visual inspection and repair the 
defects. 

(2) Insert the interlock jumper plug at 
$1402, and check the bench test setup to — 
be sure that the connections shown in 
figure 186 are correctly made. 

Apply power. Be alert for signs. of 
overload or defects such as overheating, 
fuses blowing, and suspicious sounds or 
smells. Turn off the power emmediately 
if there are such indications. 

b. Make the following operational test: 

(1) Apply power and listen for the closing 
of K1401 (fig. 239) as soon as power is 
applied, $1401 (fig. 240) 24 to 36 seconds 
later, and K1402 (fig. 253) immediately 
after $1401. 

(2) Observe tube filaments. 


362. Troubleshooting Chart 

With the operational test (par. 361) and visual 
inspection as a starting point, difficulties in the 
PP-1329/FRN-20 can be localized and corrected 
by the following procedures. 
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Item Indication Probable trouble 


Procedure 


1 | Filaments do not light__-________-_-_ Open fuse 


2 | No output from either 500-volt or | Open fuse 


(500-volt output normal). Defective tube 


2 i*No output. from 500-volt circuit | Open fuse_._...._._.____._____-_- 


(1,350-volt output normal). 


5 | Low output from both supplies____| Transformer defective 


6 | Low output from 1,350-volt supply_| Transformer defective 


Defective plate relay 


Defective transformer 
3 | No output from 1,350-volt circuit | Open fuse_____________________- 


Filter capacitor leaky 


7 | Low output from 500-volt supply_-_| Filter capacitor leaky 
8 | Excessive ripple voltage on 1,350- | Filter reactor shorted_ 


volt supply. Filter capacitor open 


9 | Excessive ripple voltage on 500- | Filter reactor shorted ~ 
volt supply. Filter capacitor open. - 


1,350-volt circuits. Defective thermal relay 


Check fuses F1401, F1402, F1403, and 
F 1404 (fig. 240). 

Check relay K1401 coil (fig. 239) 
and contact adjustment (fig. 241). 
Check transformer T1401 (par. 363). 

Check fuses F1408 and F1409. 

Check thermal relay $1401 by substi- 
tution. 

Check interlock switch $1402. 

Check relay K1402 coil and contact 
adjustment (fig. 255). 

Check transformer T1402 (par. 3636). 

Check fuse F1411 (fig. 239). 

Check V1401 and V1402. 

Check reactors L1403 and L1404 
(par. 363d). 

Check capacitors C1403 and C1404. 

Check resistor R1402 (fig. 239). 

Check fuse F1410. 

Check V1403. 

Check reactors L1401 and L1402 
(par. 363D). 

Check capacitors C1401 and C1402. 

Check resistor R1401. 

Check transformer T1402 resistance 
and voltages (par. 3636). 

Check transformer T1402 voltage. 

Check T1402 resistance. 

Check C1403 and C1404 for leakage. 

Check C1401 and C1402 for leakage. 

Check L1403 and L1404 resistance. 

Check C1403 and C1404 capacity. 

Check L1401 and L1402 resistance. 

Check C1401 and C1402 capacity. 


| 363. Voltage and Resistance Measurements 


| a. Voltage and resistance measurements are 
| shown in figure 187, contained in separate enve- 

lope. Data for these measurements are given in 
| the notes which form a part of the diagram. 

6. De resistance of transformer and reactor 
| windings are given in the following chart. Com- 
| ponents must be completely isolated from other 
components before measuring the resistance. 


Transformer or reactor Connection points Resistance (ohms) 
L1401 (fig. 239)__-_| Across leads_-_-__-- 190 
140226 JR ee Across leads__..__- 190 
L403. 22m oe an Across leads_ -_- -_-- 105 
LACO4 some ee Across leads-__ ___- 120 
THO] Siete ee eso ie tao a Miele Va foes 19 

D4 Seat th) Ves ee 21 

Pie 7 Be ln dh pe iy et aed tech Less than 1 

8-1 OMe heel Mee Less than 1 

T1402. ee eee fDi s - DRS Less than 1 
| Ea Ap Re Mee 2 RAS 1. 4 

So4 ae IEE Less than 1 

D= Oe eee 60 

Sa a ne Pouce Dye 84 

pb =Sutes sees ehh - Sage, 108 

Ba Oae at ge 170 

TEV AQ3 ee tee 1D aia ee ke Less than 1 
SHA Fi oe Less than 1 

De hd SL os Sa 84 

iste) one ee eee ee ne 170 
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Section XVII. POWER SUPPLY PP—1331/FRN—20 TROUBLESHOOTING 


Warning: Extremely dangerous voltages are present when power is applied. Avoid physical _ 
contact with exposed parts and terminals. Observe safety precautions when measuring high i 


voltages. 


364. General 


Technical manual Common name 4 
7 


Test equipment 

a. The PP-1331/FRN-20 furnishes +-500 volts mean «(| 
de, +250 volts de, —25 volts de, and —75 volts de Electronic Multimeter | TM 11-5511___| vtvm. | 
to Radio Transmitter T-573/FRN-20. The PP- TS-505/U. 
1331/FRN-20 also furnishes 6.3 volts ac and Multimeter ME-77/U__| TM 11-6625- | Multimeter. 
7,200 volts deto-the'goniometer. Plus 12 volts | it ton TuberTest rites TV-2/U. 2 
de is provided for operation of internal relay S5, Set TV_-2/U or | 
the carrier control relay (fig. 242), and to the — Electron Tube Test TM 11-5083_..| TV-7/U. | 
RE-248/FRN-22. Set TV-7/U. | 


6. Troubleshooting the PP-1331/FRN-20 is 
best undertaken at the test bench, but this equip- 
ment may be serviced in the cabinet if necessary. 
The unit weighs 105 pounds; do not attempt to 
remove it from the cabinet without help. 


b. Additional Equipment. Additional equip- | 
ment required for troubleshooting the PP-1331/ 
FRN-—20 is listed below with its common name. 


365. Troubleshooting Reference Data Qty Descriptien Commion name 
The following list of illustrations will be help- Pr ¢ 
ful when troubleshooting the PP-1331/FRN-20. 1 Safety door switch (cap por- | Interlock jumper | 
tion) Bryant Electric Co. plug. is 
Fic. No. Caption No. 4600A (Federal stock ; 
No. 5930-757-4130). 1 
1 Bench test cable (fig. 188)____| Test cable. 1 
11 | Electrical Equipment Cabinet CY-1899/FRN- 1 2,200-ohm 200-watt wire- | 500-volt load. 1 
22, component installation diagram. wound resistor. hit 
16 | Radio Transmitting Set AN/FRN—22A, cording 1 1,450-ohm 50-watt wire-wound | 250-volt load. 
diagram Beer | 
: resistor. ne 
20 | Power Supply PP-1331/FRN-20, tube, control, 1 8,400-ohm 1-watt resistor_____ —25-volt load. 
and thermal relay locations. 1 9,400-ohm 1-watt resistor_____ —75-volt load. 
276 | Power Supply PP-1331/FRN—20, schematic 0.5-uf 600-volt capacitors _____ Blocking capac- 
diagram. itors: e | 
188 | Power Supply PP-1331/FRN-20, bench test Tool Equipment TE-113-__--- Toolkit | 
setup. 12 ft | #18 AWG stranded wire_____- 
189 | Power Supply PP-1331/FRN-20, voltage and 
resistance diagram. r 
208 | Relay adjustment data. ; ¢ 
242 | Power Supply PP-1331/FRN-20, interior view. 367. Removal and Reinstallation : 
243 | Power Supply PP-1331/FRN-20, rear view. a. Removal. With the aid of an assistant, per- 
299 | Electrical Equipment Cabinet CY—1899/FRN- : 
oe re form the following procedures to remove the PP- 
, equipment No. 1 wiring diagram. : 
300 | Electrical Equipment Cabinet CY-1899/FRN- 1331/FRN-20 from the cabinet. 
22, equipment No. 2 wiring diagram. (1) Disconnect the cabinet wiring from ter- 
309 | Power Supply PP-1331/FRN-20, wiring dia- minal board TB1 (fig. 943 )e and check 
gram. . ; ‘ : 
identification of each wire to be sure that 


366. Equipment Required for 
Troubleshooting 
a. Test Equipment. Test equipment required 
for troubleshooting the PP-1331/FRN-20 is 
listed below with the technical manual and the 
assigned common name. 
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information is available for proper re- 
connection (fig. 16). 

Remove the cabinet trim strips by pry- 
ing them up from the trim strip clips 
with a screwdriver. 

With an assistant at the rear of the cabi- 
net to hold the chassis in place, remove 


the chassis mounting screws, beginning 
at the top of the chassis flange. 

(4) With the bottom screws removed, have 
the assistant lift the chassis to tilt the 
top edge out, while drawing the chassis 
backward to keep the bottom of the 
panel in place in the cabinet front. 

(5) Grasp the exposed edges of the chassis 
when the assistant tilts the top out. 

(6) Hold the chassis in place, while the as- 
sistant moves to the front to help lft 
the chassis out of the cabinet. 

| 0. Reinstallation. To reinstall the PP-1331/ 

| FRN-20 in the cabinet, proceed as follows: 

(1) With an assistant, lift the chassis to the 
cabinet opening and slide it into place. 

(2) Station the assistant at the rear to hold 
the chassis in place, while the chassis 
mounting screws are being replaced. 

(3) Replace the chassis mounting screws, be- 
ginning at the bottom of the chassis 
flange. 

(4) Replace the cabinet trim strips by hook- 
ing one lip over the edge of the trim 
strip clips and tapping lightly with a 
rubber mallet or padded hammer. 

(5) Replace the wiring to terminal board 
TB1. Check identification of each wire 
to assure proper reconnection (fig. 24). 


1368. General Precautions 

| a. Observe standard safety precautions when 
jmeasuring high voltages and working where in- 
\terlocks are disabled. 

| 0. Repair all faults discovered by visual inspec- 
|tion or other sources before applying power. 
| While troubleshooting, repair all defects as they 
jare discovered before continuing with bench tests 
or troubleshooting. Do not apply power if there 
are defects, or indications of defects, that might 


. 
|369. Bench Test Setup 
| a. The bench test setup for the PP-1331/FRN- 
/20 is shown in figure 188. 


6. Set up the chassis on the test bench in the 
position in which it is normally installed in the 
cabinet. 

c. The bench test requires a 115-volt 50- to 60- 
cps ac power source with adequate switching fa- 
cilities to control the application of power. 

d. Test connections for bench testing the PP- 
1331/FRN-20 are shown in B, figure 188. 

é. To complete the bench test setup, provide a 
suitable mounting for the 2,200-ohm 200-watt and 
1,450-ohm 50-watt resistors, and the two 0.05- 
microfarad capacitors. The two resistors should 
lie parallel, close together, with one capacitor on 
each side. 


370. Preliminary Bench Test Procedures 

a. Preliminary bench testing procedures are as 

follows: 

(1) Remove the front panel by loosening the 
captive thumbscrew at each edge of the 
panel. 

(2) Insert the interlock jumper plug in S1 
(fig. 248). Check the bench test setup 
(fig. 188) to be sure that connections are 
correctly made. Set S2 to ON. 

Make a thorough visual inspection and 
repair any defects. 

(4) Apply power and be alert for signs of 
overload such as overheating, fuses blow- 
ing, and suspicious sounds or smells. 
Turn off power immediately if there are 
any indications of overload. 

b. Make the following operational test: 

(1) Apply power and listen for relays clos- 
ing. Relay S5 will close as soon as 
power is applied, S4 shortly after, and 
S3 between 24 and 36 seconds after 
power is applied. 

(2) Observe tube filaments for lighting. 


371. Troubleshooting Chart 

With the operational test (par. 38706) and 
bench test measurements (fig. 188) as a starting 
point, difficulties in the PP-1331/FRN-20 can 
be isolated by following the procedures given in 
the following chart. 
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Indication 


No voltages present at any output 
terminal after 36-second delay 
after applying power. 

500 volts, 250 volts, —75 volts, —25 
volts de, and 6.3 volts ac missing; 
only 12 volts de normal. 

500 volts, 250 volts, —75 volts, and 
— 25 volts de missing; 12 volts de 
and 6.3 volts ac normal. 


500 volts, 250 volts, and 12 volts de 
missing; 6.3 volts ac, —75 volts 
and — 25 volts de normal. 


500 volts, 250 volts, and —25 volts 
de missing; 12 volts de and 6.3 
volts ac normal; —75 volts de nor- 
mal or above normal. (Wait 24 
to 36 seconds for thermal relay to 
close.) 

500 volts and 250 volts de missing; 
12 volts de and 6.3 volts ac normal; 
—75 volts and —25 volts de below 
normal. 

500 volts and 250 volts de missing; 
— 75 volts, —25 volts, 12 volts de, 
and 6.3 volts ac normal. 


250 volts de missing; all others nor- 
mal. 


500 volts de missing; all others nor- 
mal. 


500 volts and 250 volts de missing; 
12 volts dc low; — 75 volts and — 25 
volts de and 6.3 volts ac normal. 

250 volts de low;.others normal-_-- --- 


500 volts de low; others normal------ 

Excessive ripple voltage on 500-volt 
output. 

Excessive ripple voltage on 250-volt 
output. 

6.3 volts ac missing; all others normal - 


Probable trouble 


Open fige-- akin Se ee 
Switchcdefectiverce. Ue iwaer he 


Transformer T4 primary defec- 
tive. 


Open Wise. 2 iPS o e  eeee ee 


Dube defectives cr a0) Ya We 

Capacitor C5 shorted____________ 

Filter reactor L4 open___.._______ 

Transformer T4 secondary defec- 
tive. 

Filter capacitor shorted_____.____ 

Rectifier D1 defective____.________ 


Carrier control relay 85 winding 
shorted. 
Resistor Open sora ide) ee. Shane 


Capacitor leafy. Ah .Col Rais 


Interlock S1 defective._._-__.___.- 
Bias control 84 defective_________ 
Thermal relay $3 not functioning-- 


Hise Io ODen sc oo an et ee eee 
PibeE Vio tGeGleCti V.eanae ts erent 
Transformer T3 defective______-_-_- 
Transformer T2 defective_________ 
Filter reactor L3 open__--__------ 
Defective relay =# Seber. Ja. ees 


Fie: BS onencce toe ee tee oe 
Tubes V1 and V2 defective______- 
Transformer T1 or T2 defective__-_ 


Milter reactor openeee ses eset 
Filter capacitor C7 leaky-__------- 
Rectifier D1 defective___._------- 


Filter capacitor leaky_--_-------- 
Transformer T3 defective__-_-_--- 


Filter capacitor leaky--_..------- 
Filter reactorshorted a es eee 
Filter. capacitor open-__.-=------- 
Filter reactor L3 shorted__-__-_--- 
Filter capacitor open-_------ Nate 
Transformer T4 defective_________ 


Procedure 


Check fuses F1 and F2 (fig. 242). 
Check switch S82. 


Check transformer T4 resistance 
(par. 373). 


Check fuse F4. 

Check V4. 

Check C5 (fig. 243) for leakage. 
Measure L4 resistance (par. 373). 
Measure T4 resistance. 


Check capacitor C7. 

Check D1. 

Check R9. 

Check transformer T2. 

Check resistance of S5 winding 
coil (fig. 242). 

Check resistors R3, R4, and R5. 


Check C5 and Cé6 for leakage. 


Check S81. Besure interlock jump- 
er plug is in place. 

Check contact adjustment of S4 
(fig. 242). 

Check 83 by substitution. 

Check fuse F8. 

Check V3. 

Check TS resistances (par. 373). 

Measure T2 resistances. 

Measure L3 resistance. 

Check adjustment of S4 contacts 
(fig. 242). 

Check fuse F5. 

Test V1 and V2. 


(Look for shorts.) 


Make voltage and_ resistance 
measurements at V1 and V2 (fig. 
189). 


Measure T1 and T2 resistance. 
Measure resistance of L1 and L2. 


Check capacitor C7 leakage. 
Check D1. 


Check C3 and C4 for leakage. 

Make voltage and resistance meas- 
urements at V3. 

Measure T3 resistance. 

Check C2 and C3 for leakage. 

Measure Lil and L2 resistance. 

Measure Cl and C2 capacity. 

Measure L8 resistance. 

Measure C3 and C4 capacity. 

Measure T4 resistances. 


Tee nn er ee ae ee ee 
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372. Voltage and Resistance Measurements 


Voltage and resistance measurements for the 
PP-1331/FRN-20 are shown in figure 189, con- 
tained in separate envelope. Data on measure- 
ment procedures are also given in figure 189. 


373. Transformer and Reactor Resistance 
Data 


a. The following chart lists the de resistances 
of transformer and reactor windings. Measure- 
ments of these resistances are made with the 
transformer or reactor removed from the circuit, 
either by disconnecting leads or by removing 
tubes or relay S4 from its socket. 

6. In making resistance measurements of trans- 
former or reactor windings, remember that the 
shorting of a small number of turns is not likely 
to show in resistance measurements. However, 
the presence of shorted turns will be indicated by 
abnormal heating of the reactor or transformer 
when in service or under prolonged use at the 
test bench. 


Section XVIII. 


Warning: Parts of this circuit are energized by high voltages when the power supply is in 
Avoid physical contact with exposed parts or terminals. | 


operation. 


374. General 


a. Power Supply PP-1415/FRN-22 supplies 
—12 volts de at 3.5 amperes to the C-1738/FRN- 
20, and through it to other control circuits, for 
energizing relays. 

b. The PP-1415/FRN-22 can be serviced in the 
cabinet, but removal to the test bench is recom- 
mended for safety and convenience. Service to 
this unit will require shutdown of the omnirange 
station. If a working unit is available for sub- 
stitution, shutdown will not be necessary; how- 
ever, permission to make the substitution must be 
obtained from the Officer in Charge. 


375. Troubleshooting Reference Data 


The following list of illustrations on chart will 


be useful in troubleshooting the PP-1415/FRN- 
22. 
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Transformer or reactor 


POWER SUPPLY PP—1415/FRN—22 TROUBLESHOOTING 


Fig No. 


13 

16 
245 
244 
131 
190 
191 


310 


376. Equipment Required 

a. Test Hquipment. 
TM 11-6625-203-12, is the only test equipment) 
required for troubleshooting the PP-1415/FRN-) 


22. 


A Fae ond Across terminals_____| 60. 
fee Across terminals_____| 60. 

ei a ah Across terminals_____| 130. 

ee Across terminals_____| 130. 

hes eer bee 1-3 2522 5-2-585_ See eee Cea 
5-7 Sh. Soe ee Less than 1. 
9=1022- doy Oo 18 
O-llaiveve: ah soe 35 
10-Mei 224 Mise Ba 17: 

, ee 1-3) So oo eee lee 
Dre Te tek at 1.55: 
9210. 2 Seo eee Less than 1. 
TIF13ik hoy Ae Less than 1. 
I/+188: Bee 2A Less than 1. 
18=194:nab #iloy ASS Less than 1. 

oe 1-30.38 eee 
Olen o See 5.5 
9-10) sc 28 37 
0-line.. 2iev Mise 64 

2S oe 123). S220% 21 OR 
Ont A. Oe ae 5.5. 
9-10. sosten Av ods ae Less than 1. 
HIS1282.. Yel siege Less than 1. 
Pal4s 2 75 
13=15ioy. Dey _onasee 150 


Connection points Resistance (ohms) 


Caption 


Electrical Equipment Cabinet C¥-1807/FRN-| 
22, component installation diagram. 
Radio Transmitting Set AN/FRN-22A, cordiat 
diagram. | 
Power Supply PP-1415/FRN-22, rear view. | 
Power Supply PP-1415/FRN-22, interior view. | 
Power Supply PP-1415/FRN-22, schematic) 
diagram. 
Power Supply PP-1415/FRN-22, bench test! 
setup. 
Power Supply PP-1415/FRN-22, voltage and 
resistance diagram. ! 
Power Supply PP-1415/FRN-22, wiring} 
diagram. ; 


: 
] 
| 
| 


Multimeter ME-77/U.) 


b. Additional Equipment. The additional equip- 
ment required to troubleshoot the PP-1415/ 
FRN-22 is listed below with its common name. 


Qty Description Common name 


1 | 5-ohm 75-watt wire-wound re- | Load resistor. 
sistor. 

1 | Power cable (use W12 cable as- 
sembly supplied with unit). 


1 | Tool Equipment TE-113______-_-- Toolkit. 


Power cable. 


377. Removal and Reinstallation 


a. Removal. To remove the PP-1415/FRN-22 
for bench test servicing, disconnect the wiring 
harness from terminal board TB1202 (fig. 245), 
making sure of identification of wires for recon- 
nection (fig. 16), and remove plug P829 from re- 
| ceptacle J1201. Remove the cabinet trim strips 
and chassis mounting screws and withdraw the 
PP-1415/FRN-22 from the cabinet. 

b. Reinstallation. To reinstall the PP-1415/ 
FRN-22, slide it into the cabinet opening and 
replace the chassis mounting screws and cabinet 
trim strips. Refer to figure 16 and reconnect the 
wiring harness to terminal board TB1201 and 
plug P829 to receptacle J1201. 


POWER SUPPLY 
PP—1415/FRN-22 


| sod os (S) reieo 
+ 
POWER SUPPLY 
PP-I415/FRN-22 
) lt5v AC 
50/60 CPS =) Jl20l 


378. General Precautions 

a. When servicing the PP-1415/FRN-22 in 
the cabinet, energize the circuit by closing main 
circuit breaker K1001 and circuit breaker K1008. 

6. Before proceeding with troubleshooting, 
make a visual inspection and correct the defects. 

c. Do not apply power until such faults are 
corrected. Do not apply power if it will cause 
damage to this unit. 

d. When a part has been found defective, check 
associated parts which may have failed as a result 
of the defect. 


379. Bench Test Setup 

a. Connections for bench testing are shown in 
figure 190. 

b. A 115-volt, 50- or 60-cps ac power source is 
required for bench testing. This power source 
should be provided with adequate switching to 
control the application of power. 

c. Make the following connections: 

(1) Use power cable assembly W12 (fig. 16), 
supplied with the equipment, for the 
power connection. 

(2) Connect the 5-ohm 75-watt load resistor 
between the two terminals of TB1202. 


MULTIMETER 
OB ME-7 7/U 


5 
75W 


(NOTE 2) 
+ ‘ 


B. TEST #2 OUTPUT VOLTAGE 


NOTES 


|. USE MULTIMETER ME-77/U FOR LOAD CURRENT MEASUREMENT. 
TEST #1 RANGE IO AMP DC. 
MEASURE BETWEEN TEST POINTS A AND B POLARITY AS 
INDICATED . 
2. USE MULTIMETER ME-77/U FOR OUTPUT VOLTAGE . 
TEST #2 RANGE SOV DOC. 
MEASURE BETWEEN TEST POINTS C AND D POLARITY AS 
INDICATED . 
TM215-235 


Figure 190. Power Supply PP-1415/FRN-22, bench test setup. 
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380. Localizing Troubles 


a. Preliminary Operational Check. Before pro- 
ceeding with bench tests, make an operational 
test of the PP-1415/FRN-22 by applying power 
and looking for signs of overload such as fuses 
blowing, smoke, overheating, sounds or smells. 

b. Use of Chart. To troubleshoot the 12-volt 


power supply by procedures given in the trouble- 

shooting chart, make bench test measurements as 

indicated in figure 190, for starting indications 

of the trouble source. These indications, with 

their probable source, are listed in the chart with 

the necessary procedures for locating the defect. 
c. Troubleshooting Chart. 


Item Indication 


is No output voltage “2° YY iot 


2. Output voltage low.cusio2. Bees 


3 | Fuse F1201 blows repeatedly__-_| Transformer 


Probable trouble 


Opentfusesae. — 
Rectifiemdetective.-_ 2-2 3 
Transformer defertive__________ 


Capacitor leaky 
T1201 
(turns shorted). 


Procedure 


Check fuse F1201 and F1202 (fig. 245). 
Check rectifier CR1201. 

Check T1201 resistance (par. 381b). 
Check rectifier CR1201. 

Check T1201 resistance. 

Check C1201 and C1202 for leakage. 


defective 


reveal this condition). 


Rectifier CR1201 has shorted | Check CR1201. 


section. 


Filter capacitor shorted _______- 


Check C1201 and C1202. 


—_ TT se SE 


381. Isolating Trouble 


a. Voltage and Resistance Measurements. The 
voltage and resistance diagram of the PP-1415/ 
FRN-22 is shown in figure 191, which includes 
notes on measurements procedures. 

b. Transformer Resistance. The dc resistances 
of the transformer windings are given in the fol- 
lowing chart. The transformer must be com- 
pletely isolated from other components before 
making resistance measurements. 
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Transformer Connection points Resistance (ohms) 
D1 2 Os ee er 1-2 | 1.6. 
3-4 | 1.9. 
5-6 | Less than 1. 
5-7 | Less than 1 
5-8 | Less than 1. 
5-9 | Less than 1. 


Check transformer T1201 for overheating | 
(resistance measurements not likely to | 
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“WHO 3NO NVHL 

$S31 3uYV 102181 GYVOE TIVNINY3SL NO JONVLSIS3Y 
Viv ¥% "Y3SL3IN LIOA-Y3d-SWHO 000‘OZ V ONISN ‘lOZzI1L 
YSWHOSJSNVYL JO S IWNINYSL OL JON3SY3I3YN HLIM 
G3YNSV3AW 10Z1IGl GHYVOS IVNINYS1 LV S3ONVLSIS3Y 
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Section XIX. RADIO SET CONTROL C-—1739/FRN—20 TROUBLESHOOTING 


Warning: The remote control unit contains selenium rectifiers which give off poisonous fumes 


when they burn or arc. 
the shelter. 


382. General 

a. The remote control unit is used to control 
both transmitting equipments. By means of dial 
impulses, it selects the circuits and equipment to 
be activated. 

6. The remote control unit may be serviced in 
place in the remote control cabinet but removal 
to the test bench for troubleshooting is safer and 
more convenient. 


383. Troubleshooting Reference Data 


The following list of illustrations will be useful 
during troubleshooting. 


Fig. No. Caption 


16 | Radio Transmitting Set AN/FRN-22A, cording 
diagram. 

132 | Remote dial and audio signal circuits, schematic 
diagram. 

133 | Indicator circuits, schematic diagram. 

286 | Radio Set Control C-1739/FRN-20, schematic 
diagram. 

192 | Radio Set Control C-1739/FRN-20, bench test 
setup. 

222 | Radio Set Control C-1739/FRN-20, top view. 
223 | Relay adjustment data. 

224 | Dial adjustment data. 

311 | Radio Set Control C-1739/FRN-20, wiring dia- 
gram. 


384. Equipment Required 


a. Test Equipment. Test equipment required 
for troubleshooting the remote control unit is 
listed below with the applicable technical manual 
and common name. 


a Oe 


Test equipment Technical manual Common name 


Multimeter ME-77/U__| TM 11-—6625- 
203-12. 


Multimeter. 


6. Additional Equipment. Additional] equip- 
ment required to troubleshoot the remote control 
unit is listed in following column with a common 
hame assigned to each. 
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Do not inhale these fumes. 
Do not attempt to handle rectifiers until they have cooled. 


Quantity Description Common name 


Limiting resistor. 
Power cable. 


500-ohm 1-watt resistor__ __ 
1 | Ac power cable (use W22, 
furnished). 

1 | 12-volt de, 1-ampere power 
source. 


De power supply. 


385. Removal and Reinstallation 


a. Removal. To remove the remote control unit 
for bench tests, disconnect the microphone and 
handset. Disconnect power cable W22 and the 
connections at terminal board E501 (fig. 16). 
Remove the chassis mounting screws and with- 
draw the remote control unit from the cabinet. 

6. einstallation. To reinstall the remote con- 
trol unit, slide it into the cabinet opening and 
replace the mounting screws. 
cable W22, the connections at terminal board 
K501, the microphone, and the handset. 


Caution: Do not connect power cable W22 to 


the ac power source unless all units of the 
remote control cabinet are to be returned to 
service. 


386. General Precautions 
a. With the remote control unit disconnected 


from all power sources and external wiring, make _ 


the following resistance checks with the mul- 
timeter. 


Measure between points Resistance 
(ohms) 
Either pin of J503 (fig. 222) and chassis | Infinite. 
ground. 
Terminal 5 of T502 and chassis ground____| Infinite. 


6. If a low resistance reading is obtained, check 
transformer T502. Use the resistance values 
given in paragraph 3896. Correct the trouble 
before applying power. 


387. Bench Test Setup 


a. Bench test setup for remote control unit 
troubleshooting is shown in figure 192. 


Remove power immediately and ventilate | 


Reconnect power 
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“S3YNGAIOYNd ONILVYAdO IWNLOV 
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6. Power sources required are 115 volts ac at 
50 or 60 eps and 12 volts de at 1 ampere, with 
adequate switching to control their application. 


Caution: Do not use dial I 501 when the 12- 
volt de voltage is applied. 


388. Localizing Trouble 

a. General. The remote control unit is divided 
into three circuit groups for troubleshooting; the 
power supply and dial, audio and intercommuni- 
eating circuits, and alarm circuits. Localization 
is achieved by performing the following opera- 
tional check and comparing results with indica- 
tions given in the troubleshooting chart. 

b. Operational Check. With bench test con- 
nections made as shown in figure 192, perform the 
following steps and note the results: 

(1) Apply 115-volt power, and leave the 12- 
volt de power turned off. 

(2) Cock dial I 501; that is, dial a number 
and do not release the dial. The mul- 
timeter should indicate 115 volts ac. 

(3) Allow the dial to return to its home 
position; the multimeter needle should 
fluctuate. 

(4) Cock the dial again, and momentarily 
ground pin 4 of J502 (fig. 222) to the 
chassis; this energizes relay O 501. The 


multimeter needle should drop to zero 
when O 501 energizes. i 

(5) Release the dial and disconnect the mul- 
timeter. ¢ | 

(6) Connect the 12-volt de power, negative | 
to terminal 10 and positive to terminal | 
2 of E501, which is the equivalent of 
dialing No. 9 or 7 in the normal operat- 
ing procedure. 

(7) Move the ALARM SELECTOR switch 
to each of its three positions and note 
the operation of the indicator lamps and 
buzzer. 

(8) Reverse the polarity of the 12 volts de, 
the equivalent of dialing No. 8 or 6 in 
the normal operating procedure. 

(9) Move the ALARM SELECTOR switch | 
through its three positions again, and _ 
note the operation of the indicator lamps 
and buzzer. | 

c. Use of Chart. After completing the opera-  _ 
tional check, consult the /ndication column of the | 
chart for conditions encountered. The Probable 


trouble column will indicate the defective circuit | 
group and the Procedure column will suggest 


means of isolating trouble to the defective part 
or circuit portion. a 
d. Troubleshooting Chart. 


Item Identification Probable trouble Procedure 
1 | No output with 115 volts ac applied and | Blown fuse___________________ Check F501 (fig. 222). S| 
the dial cocked (step 2 of operational | Defective power cable__________ Check W22 fittings (fig. 16) and ~ i 
check). continuity. . | 
Defective dial sticking contacts__| Check dial contacts (fig. 224). 
Transformer defective_________- Check T501 and T502 windings 
(par. 3896). 
2 | Multimeter needle does not fluctuate | Defective dial__._._._________. Check dial contacts. 
when dial is released. a 
3 | Relay O 501 does not close when terminal | Relay O 501 defective__--______ Check O 501 winding resistance 
4 of J502 is grounded (step 4 of opera- (fig. 223). . 
tional check). 
4 | I 503 does not light with S501 in down | Bulb burned out_____________- Check I 508 (fig. 222). 
position and 115 volts ac and +12 | Defective switch S501__..______ Check S501 contacts (ch. 5). 
volts de applied. Defective rectifier CR502_______ Replace rectifier CR502. 
Defective relay 0.502... __ Check O 502 coil resistance and 
contact adjustment (fig. 223). 
5 | Same as step 4 above, but buzzer I 502 | Defective buzzer I 502___._.... Check I 502 coil resistance 
does not sound. (par. 389d). 
Defective switch S501__________ Check S501 contacts (ch. 5). 
6 | Same as step 4 above, but move 8501 to | Defective switch S501__________ Check $501 contacts. 
center position and buzzer is silent. 
7 | Move S501 to upper position, buzzer I 502 Relay contacts sticking________- Check relay O 502 contacts 
does not sound and I 503 does not go out. (fig. 223). 
Defective switehe...%. 4222-0. Check switch S501. 
Shorted rectifier. 0/0.) eee Replace CR501. 
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Item Identification 


8 | Connect equipment as in step 8 of opera- 


not light. 


389. Isolating Trouble 


a. Troubleshooting audio circuits in the remote 
control unit is accomplished by a continuity check 
of the straight-through wiring (fig. 286). This 
procedure requires no power. 

6. Additional procedures for isolating trouble 
in the remote control unit consist of measuring 
resistances of the transformer and buzzer wind- 
ings. These resistance values are given in the 
adjoining chart. 


390. Final Testing 


After troubleshooting the remote control unit, 
and before returning it to the cabinet, rerun the 


Probable trouble 


Defective rectifier 


Procedure 


UOTE eam ype i! Check CR501. 


tional check and place 8501 in down | Defective relay_._____________-_ Check coil and contacts of relay 
position; buzzer I 502 does not sound O 502 (fig. 223). 

and lamp I 503 does not light. Move | Defective lamp_______________- Replace lamp I 504. 

S501 to upper position and I 504 does | Defective switch._____________ Check contacts of S501. 


operational check (par. 3880). 
tional check usually is sufficient. 


A good opera- 


Transformer or buzzer Connection points Resistance (ohms) 
I 502 (fig. 222)__.__ Across leads -... . - - - 6 
418 5) Om ps oye ais [4 Se Pee oe 53 
ioe SY 20 A a DD 
A=) SHO20 Uae ad 44 
Aes ssh egae 88 
cee DO 2 meee). 0 aie eae TDi kori ee aS. 43 
A Sita al ret LL 49. 
D> OMe ae ee ee re 150. 
MEBANE OT ANS ite Less than 1. 


Section XX. RADIO SET CONTROL C—1738/FRN—20 TROUBLESHOOTING 
Warning: The C-1738/FRN-20 contains selenium rectifiers which release poisonous fumes if 


they burn or are. Do not inhale these fumes. 


Remove power immediately, ventilate, and do not 


attempt to handle the rectifiers until they have cooled. 


391. General 


a. The C-1738/FRN-20 is used to contro] both 
transmitting equipments, by means of dial pulses, 
selecting circuits and equipment to be activated. 

6. Although the C-1738/FRN-20 may be ser- 
viced in the CY-1738/FRN-20 cabinet, removal 
to the test bench for troubleshooting is safer and 
more convenient. 


392. Troubleshooting Reference Data 
The following list of illustrations on chart will 
be useful in troubleshooting. 


Fig. No. Caption 


13 | Electrical Equipment Cabinet C Y-1897/FRN- 
22, component installation diagram. 
16 | Radio Transmitting Set AN/FRN-22A, cording 


diagram. 

44 | Radio Set Control C-1738/FRN-20, front panel 
removed. 

288 | Radio Set Control C-1738/FRN-—20, schematic 
diagram. 


155 | Control circuits, schematic diagram. 


Fig. No. Caption 


193 | Radio Set Control C—-1738/FRN-20, bench test 
setup. 

224 | Telephone dial parts identification. 

246 | Radio Set Control C—1738/FRN-20, top view. 
247 | Radio Set Control C—-1738/FRN-20, rear view. 
248 | Relay adjustment data. 

249 | Minor switch adjustment data. 

312 | Radio Set Control C-—1738/FRN-20, wiring 
diagram. 


393. Equipment Required 

a. Test Equipment. Test equipment required 
for troubleshooting is listed below with the appli- 
cable technical manual and assigned common 
name. 


Technical manual Common name 


Test equipment 


Multimeter ME-77/U__| TM 11-6625- Multimeter. 


203-12. 
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b. Additional Equipment. The additional equip- 
ment required for troubleshooting is listed below 
with the assigned common name. 


Qty Description Common name 


Limiting resistor. 
12-volt supply. 


1 | 300-ohm, 1l-watt resistor_______- 
1 | 12-volt, l-ampere de supply - - - _- 


1 | Female plug, H. B. Jones Co. | Test plug. 
Dart No. 2333 EH: 
1 | Ac supply of 70 to 80 volts at | Ac supply. 


50 or 60 eps. 


394. Removal and Reinstallation 

a. Removal. To remove the C-1738/FRN-20 
from the CY-1897/FRN-22 disconnect the power 
plugs, the handset from J202, and the telephone 
line from E201. Remove the cabinet trim strips 
and the chassis mounting screws, and withdraw 
the C-1738/FRN-20 from the cabinet. 

6. Reinstallation. To reinstall the C-1738/ 
FRN-20 place it in the cabinet opening and re- 
place the chassis mounting screws and cabinet 
trim strips. Reconnect the handset to J202, the 
telephone line to E201, and the power plugs. 

c. Access to Relays. Remove the dust cover 
‘by removing the two thumbscrews that hold the 
dust cover to the rear of the chassis. Access to 
the chassis interior can be gained by removing 
the seven sheet metal screws that hold the top 
cover. The front panel may also be removed par- 
tially by loosening the knurled captive thumb- 
screws at each end of the panel. 


395. General Precautions 


a. RING-TALK switch S201 is a spring-return 
switch, and will automatically be properly set for 
troubleshooting. Set the switch in the center 
position. 

6. Make a thorough visual inspection before 
initiating other troubleshooting procedures. 

c. Make a short-circuit test with the multimeter 
resistance scale between the following points and 
chassis. No power is to be applied. 


Measurement points Resistance (ohms) 
Either terminal of E201 (fig. 16) (close Infinite. 
© 202 manually). 
G2 SCENE Co) 21 cr ee Infinite. 
Lemiingler of J205 stem tee. bw Infinite. 
erminalel 9660205 = -- os ees oN Infinite. 
emninab 20 0f 3205... 05 2 Infinite. 
Permninal2o-or g205-. 2. fo en ee Infinite. 
Remainal 3 Log 20G 2 0 oe Stok) os | Infinite. 
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396. Bench Test Setup 


a. Bench test connections are shown in figure 
193. 


6. Power source requirements are 70 to 80 volts _ 
ac at 50 or 60 cps, and 12 volts de at 1 ampere, | 


with adequate switching to control power appli- 
cation. 

c. Make up the test plug as shown in B, and 
leave the plug cover off to provide access to the 
test points. Use H. B. Jones Co. part No. P 333 
FHT (same as P804 in fig. 16) obtained from 
bulk or spare supplies. Make the following con- 
nections. 


Terminals Connections 


wire connections are made with 
#20 AWG.) 


3, 4, 7, 17, 18, 21, | Attach individual test points of stiff, 


26, and 30. bare wire 2 inches long. 
cee Te i ee 3-foot length of wire. 
TG fee Lee ayer ona Jumper to terminal 20. 
2a SON Sn Jumper to terminal 29. 
BW yr aie Bea er Era ee 3-foot length. 
Soh deg A Wie ee 3-foot length. 


397. Localizing Trouble 
(fig. 247) 


1. General. For troubleshooting purposes, the _ | 
C-1738/FRN-20 is divided into three main cir- 


cuits. 


(1) The remote control and ac supply cir- | 


cuits. 
(2) The local dialing and control circuits. 
(3) The audio and signaling circuits. 
b. Operational Check. Test the three circuits 


by following the steps of the operational check : 
in ¢ below. As each step is performed, note the 


results. 


volt de scale) to the output of rectifier 
CR201 (fig. 246). Apply 70 to 80 volts 
ac across terminal board E201. The mul- 
timeter should indicate 10 to 14 volts de. 
(2) Remove the ac connections and connect 
the multimeter between one terminal of 
E201 (fig. 247) and the chassis. Connect 
a 300-ohm limiting resistor from the 
other terminal of E201 to the chassis. 
Apply 12 volts de to terminal 6 (posi- 
tive) and terminal 33 (negative) of 


Jumper to terminals 16 and 30. (All | 


(1) Connect the multimeter (set on the 50- — 


TO E20) 


(3) 


(4) 


(5 


— 


(6) 


RADIO SET CONTROL 
C—1738/FRN-20 J205 


‘placing —12 volts on terminal 1. 


(NOTE 2) 


J204 | 


+ TEST CONNECTIONS 


Ledetttetttedtt dd 


3 19. 20, 21 26 


ia 


TPI7 TPI8 


(NOTE 4) 


TP3 TP4 


—lev oC 


+12v 0C 


B. CABLE FABRICATION 


TP2l TP26 


—l2v DC 


+12v DC 
© TEST POINTS 


Sicoe SOM olmso 


70/80V AC 
50/60 CPS 


tl2v DC (NOTE 3) 


NOTES 
. MAKE CONNECTION OF 300 OHM 
RESISTOR TO TERMINAL BOARD E20! 
ONLY WHEN DC POWER IS REMOVED . 
2. TWISTED PAIR TO VOLTAGE SOURCE . 
3. VOLTAGES APPLIED TO THESE 
TERMINALS ARE REVERSED IN POLARITY 


DURING TESTING-MAKE ONLY ONE SET 
OF l2-VOLT CONNECTIONS AT A TIME. 
4. CONNECTOR, PLUG, H.B. JONES 
#S—-333—FHT (SAME AS P804). 
5. © DENOTES TEST POINTS . 


+12v DC 


TM215-—238 


Figure 193. Radio Set Control C1738/FRN-20, bench test setup. 


J205. Multimeter indication should be 
4 to 6 volts de. Relay O 207 should 
energize. 


Leave the multimeter and limiting re- 
sistor connected as in (2) above. Con- 
nect the 12-volt de supply to terminal 31 
(—12 volts) and terminal 33 (+12 
volts) of J205. Set the multimeter for 
REV DC reading. The voltage indica- 
tion should be —4 to —6 volts, and —12 
volts should be available at terminals 19 
and 26, referenced to chassis. 
Disconnect the multimeter, leave the lim- 
iting resistor in place, and leave the 12- 
volt connections as in (3) above. Cock 
dial I 201, energizing O 201 and O 202 
and moving arm of K201 to the home 
position. 

Release the dial. The K201 arm should 
move to a position corresponding to the 
number dialed. When the K201 arm 
comes to rest, O 201 and O 202 will de- 
energize. 

Dial No. 9. Relay O 204 should ener- 
gize and ground terminal 21 of J205, 
Ter- 
minal 9 of J204 should also show —12 
volts to chassis. 


(7) 


(9) 


Dial No. 8 Relays O 205, O 206, and 
O 207 should energize, I 202 should light, 
and relay O 204 should remain closed. 
Terminals 1, 2, 8, 7, and 17 of J205 
should show —12 volts de to chassis and 
terminal 4 of J205 should be grounded 
to chassis, and —12 volts should be avail- 
able between terminal 8 of J204 and 
chassis. 

Dial No. 5 (or 3 or 4) to remove the 
direct connection of —12 volts de from 
K201 arm and O 205; O 205 should re- 
main energized, with holding voltage 
supplied by O 206. There should be —12 
volts de available between the terminal 
of J204 that corresponds to the number 
dialed and the chassis. 

Dial No. 10. Relay O 203 should ener- 
gize, removing —12 volts from terminal 
19 of J205, and deenergizing O 204 and 
O 206. Deenergizing O 206 should de- 
energize O 205 and I 202. As soon as 
O 204 opens, O 203 should also deener- 
gize. A —12 volts de to chassis should 
be available at terminal 10 of J204. 


(10) Dialing No. 7 and 6 should put —12 


volts de on terminals 7 and 6, respec- 
tively, of J204. 
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ce. Troubleshooting Chart. 


Item 


10 
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Indication 


Probable trouble 


With ac at E201 (fig. 16), de output 
of CR201 is not 10 to 14 volts. 


With +12 volts on terminal 6 of 
J205, output at E201 is not 4 to 6 
volts. 

With —12 volts on terminal 31 of 
J205, and O 206 manually closed, 
output at E201 is not —4 to —6 
volts de. 


With dial I 201 cocked, arm of K201 
does not set on home position. 


When dial is released, minor switch 
K201 arm does not move to con- 
tact corresponding to number 
dialed. 

When 9 is dialed, O 204 does not close-_ 


When 8 is dialed, 
does not light. 
Relay O 205 does not close__________ 


indicator I 202 


Relay O 204 does not hold 


Relay O 206 does not close 


Relay O 207 does not close__________ 

When 5 (or 3 or 4) is dialed relay O 
205 does not hold. 

When 10 is dialed relay O 203 does not 
close. 


When 7 or 6 is dialed, minor switch 
K201 arm does not move to contact 
corresponding to number dialed. 


Resistor R201 defective or mis- 
adjusted. 

Rectifier CR201 defective________ 

Resistor R204 defective__________ 

Relay O 206 contacts defective____ 


Resistor R205 defective_________- 
Relay O 206 contacts defective____ 


Relay O 207 defective___-__-_____ 


Switch $201 contacts defective____ 
Transformer T201 defective_______ 


Dial contacts defective.__________ 
Relay O 202 defective.__________-_ 


Off-normal contacts of K201 de- 
fective. 
Relay O 201 defective___________- 


Minor switch K201 release coil 
defective. 

Dial I 201 contacts defective______ 

Minor switch K201 step coil de- 
fective. 

C201 shorted (K201 will not step) __ 

Relay O 204 defective.___________ 

Relay O 201 contacts defective ____ 


Minor switch K201 does not reach 
contact 9. 
Bulbul vo2zidetectives ss] a= 


Relay O 205 defective___________- 

Minor switch K201 arm not on 
contact 8. 

Relay O 204 contacts defective____ 

Relay O 206 defective____________ 

Relay O 204 contacts defective___- 

Relay O 205 contacts defective____ 


Relay O 206 contacts defective____ 
Relay O 206 contacts defective___- 


Relay O 204 contacts defective __ 


Minor switch K201 arm not on 
contact 10. 

Faulty dial contact-.-9. isa. 4e8? 

K201 step coil defective_________- 


Procedure 


Check R201 (fig. 246) resistance | 
and adjustment. | 

Replace CR201. i 

Check R204 resistance. 

Check O 206 contacts (fig. 248). 


Check R205 resistance. 
Check O 206 contacts (fig. 248). 


Check O 207 coil resistance (fig. 
248). 

Check $201 contacts (chapter 5). ; 

Check T201 winding resistances | 
(par. 3985). i 

Check dial contacts (fig. 224). 

Check O 202 coil resistance (fig. 248). 

Check O 202 contact sdjustment 


(fig. 248). 

Check K201 off-normal contacts _ 
(fig. 249). 

Check O 201 coil resistance (fig. 248), 

Check O 201 contact adjustment 
(fig. 248). 

Check K201 release coil resistance 
(fig. 249). 


Check I 201 contacts (fig. 224). — 
Check K201 step coil resistoniaal i 
(fig. 249). 
Check C201 capacitance. 
Check O 204 coil resistance (fig. 248), i 
Check O 201 contact adjustment i 
(fig. 248). | 
Check dial contacts (fig. 224). 
Check K201 step coil (fig. 249). 
Check bulb I 202. 


Check O 205 coil resistance (fig. 248). | 
Check dial contacts (fig. 224). 
Check K201 step coil (fig. 263). 
Check O 204 contact adjusting 7 
(fig. 248). | 
Check O 206 coil resistance (fg, 
248). 
Check O 204 contact adjustment | 
(fig. 248). | 
Check O 205 contact adjustmeaay A 
(fig. 248). 
Check O 206 contacts (fig. 248). 
Check O 206 contact adjustment | 
(fig. 248). 1 
Check O 204 contact adjustment — 
(fig. 248). 
Check dial contacts (fig. 224). 
Check K201 step coil (fig. 249). 
Check I 201 contacts (fig. 249). 
Check K201 step coil. (fig. 249). 


398. Isolating Troubles 


a. Continuity Checks. Troubleshooting the au- 
dio and signaling circuits is accomplished by con- 
tinuity checks in the straight-through wiring of 
the component, once operational checks have been 
made. All external connections are removed for 
continuity checks. Relays may be left in normal 
positions for continuity checks, or they can be 
operated manually. Continuity checks should be 
made with reference to the schematic diagram 
(fig. 288). 

b. Voltage and Resistance Measurements. Iso- 
lation techniques for troubleshooting the C-— 


1738/FRN-20 include voltage measurements al- 
ready listed in the operational check, and resist- 
ance measurements of the relay windings (chap- 
ter 5). 


399. Additional Troubleshooting Data 
Resistance measurements of transformer T201 
are given in the following table. 


Transformer Connection points dyin 
T20TS) ee eee (4 53 
3-6 53 
A-D 44 
C-F As 


Section XXI. RADIO SET TRANSFER CONTROL C—1840/FRN-—22 TROUBLESHOOTING 


400. General 
} a. The C-1840/FRN-22, when activated by an 
| equipment failure or power interruption, will 
| automatically seek to restore a normal naviga- 
| tional signal on the air. It will first try to put 
| equipment No. 1 on the air and then equipment 
| No. 2, cycling between the two equipments three 
| times, if necessary, and then shutting down the 
| omnirange station if restoration is impossible. 

b. The C-1840/F RN-22 may be serviced in its 
regular operating position but it is safer and 


| more convenient to troubleshoot it on the test 
| bench. | 


| 401. Troubleshooting Reference Data 


| The following list of illustrations on chart will 
| be helpful in troubleshooting the C-1840/FRN- 


Caption 


13 | Electrical Equipment Cabinet CY—-1897/FRN- 
22, component installation diagram. 
16 | Radio Transmitting Set AN/FRN-22A, cord- 
ing diagram. 
28 | Radio Set Transfer Control C—1840/FRN-22, 
thermal relay and fuse locations. 
141 | Radio Set Transfer Control C-1840/FRN-22, 
schematic diagram. 
194 | Radio Set Transfer Control C—1840/FRN-22, 
bench test setup. 
250 | Radio Set Transfer Control C—1840/FRN-22, 
interior view. 
251 | Radio Set Transfer Control C-1840/FRN-22, 
rear view. 
252 | Radio Set Transfer Control C—1840/FRN-22, 
sequence timer repair and replacement. 
253 | Radio Set Transfer Control C—1840/FRN-22, 
sequence timer adjustment plate. 
254 | Relay adjustment data. 
255 | Relay adjustment data. 
256 | Minor switch adjustment data. 
313 | Radio Set Transfer Control C-1840/FRN-22, 
wiring diagram. 


402. Equipment Required 

a. Test Equipment. The test equipment re- 
quired is listed below with the applicable tech- 
nical manual and assigned common name. 


Test equipment Technical manual Common name 


Multimeter ME—77/U__| TM 11-6625- Multimeter. 


203-12 


b. Additional Equipment. Additional equip- 


ment required is listed below. 


Qty Description Common name 


1 | 18-contact female plug H. B. | Test plug. 
Jones Co. part No.8 318 FHT, 
similar to P801. 

2 | Small alligator clip (type not 
critical). 

1 | Power input cable (fabrication 
in par. 405c). 

1 | Stopwatch (type not critical)_--| Stopwatch. 

1 | 12-volt, 1-ampere de power sup- | 12-volt supply. 


ply. 


Alligator clip. 


Power cable. 


403. Removal and Reinstallation 


a. Removal. To remove the C-1840/FRN-22 
for troubleshooting, remove plugs P801 and P819 
from receptacles J602 and J601, respectively. 
Remove the cabinet trim strips and chassis 
mounting screws. Withdraw the chassis from the 
cabinet. 

b. Reinstallation. To reinstall the C—1840/ 
FRN-22 after troubleshooting, replace it in the 
cabinet, replace the chassis mounting screws and 
cabinet trim strips, and return plugs P801 and 
P819 to receptacles J602 and J601, respectively. 
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c. Access to Unit Interior. Access to the chassis 
interior is gained by loosening two knurled 
thumbscrews at the panel ends and removing the 
front panel. Access to relays on rear of chassis 
is gained by removing the dust cover, held by 
two screws. 


404. General Precautions 

a. Before initiating other troubleshooting pro- 
cedures, make a thorough visual inspection. 

6. When the test plug is in place, use care to 
avoid accidental contact of clip leads to chassis 
or to each other. 

c. Make a quick short-circuit check with the 
multimeter at the following points. 


+ 


Measure from To Resistance 
(ohms) 
Terminal 1 of J602___| Terminal 18 of J602_| Infinite. 
Terminal 11 of J602___] Terminal 18 of J602_| Infinite. 
Terminal 16 of J602__| Terminal 18 of J602_| Infinite. 
405. Bench Test Setup 
a. Connections for bench testing are given in 


figure 194. 
b. Voltage sources required for bench tests are: 
(1) 115 volts ac at 50 or 60 cycles, with ade- 
quate switching to control power appli- 
cation. 


RADIO SET TRANSFER 
CONTROL 


C-1840/FRN-22 


A, TEST CONNECTIONS 


115V AC 


50/60 CPS 
PART OF 
J602 (NOTE 1) 
(NOTE 2) 
——_ >>——rr1 <—— 


(NOTE 2) 


12Vv DC 


B. CABLE FABRICATION 


Figure 194. 
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Radio Set Transfer Control C-1840/FRN-22, bench test setup. 


(2) 12 volts de at 1 ampere, with adequate _ 
switching to control power application. 

c. Make up the following test connections and 
cables: 
(1) A power cable of two #18 AWG wires 
with a male two-terminal plug at one ~ 
end and female plug (General Electric | 
No. 4317-1), similar to plug P819, at the | 
other end. Plugs can be obtained from | 
bulk or spare supplies. | 
Use an 18-terminal female plug similar | 
to P801 (H. B. Jones Co. part No. S| 
318 FHT) obtained from bulk or spare | 
supplies, and make test plug connections | 
according to B, figure 239. 


406. Localizing Trouble 


a. General. Use of the above test setup permits | 
operating the C-1840/F RN-22 in a manner simu- | 
lating actual operation as part of the omnirange 
set. By this method, observation and measure-_ 
ment of sequence switching and voltage outputs 
during cycling, observation of relay action, and | 
continuity checks of straight-through wiring fur- 
nish needed troubleshooting information. 

b. Operational Check. The following opera 
tional check procedure will simulate normal oper- 
ation. Note the results of each step. Because the | 
transfer cycle is continuous and automatic, once — 


MULTIMETER 
ME-77/U 


12 VOLT DC 
POWER 
SUPPLY 


NOTES z 

1. CONNECTOR PLUG, H.B. JONES #S-—3I8-—FHT (SAME AS if 
P8Ol) . 

2. JUMPER FITTED WITH SMALL ALLIGATOR CLIP . 

3. MOMENTARY CONNECTION BY TOUCHING LEAD TO TEST 
POINT . 

4. TEST POINTS INDICATED BY o .MADE BY SOLDERING 
2 INCH LENGTH OF #16 AWG SOLID WIRE TO PIN 
CONNECTION . 

5. USE #20 AWG STRANDED WIRE FOR ALL OTHER 
CONNECTIONS . 


TM215—239 


initiated, it may be necessary to run through the 
cycle twice, taking voltage measurements and ob- 
serving relay action the first time, and timing the 
| sequence switching operations on the second cycle. 
| Follow this procedure: 


(1) 


(2) 


(3) 


Clip the short lead from terminal 18 
(fig. 194) to terminal 8 test point. Ap- 
ply 115-volt ac power. Wait 20 seconds 
and then apply 12-volt dc power. Read- 
ing of —12 volts de should appear at 
terminal 17 (referenced to terminal 18 
or chassis). 

Touch the short lead from terminal 16 
to terminal 11. Relay K601 (fig. 251) 
should energize at the moment of con- 
tact, unless minor switch K605 is off its 
home position. In this case, K605 will 
release to the home position when termi- 
nals 11 and 16 are jumpered, and relay 
K601 will energize after K605 homes. 
Be sure to maintain the jumper contact 
between terminals 11 and 16 long enough 
to allow this to take place. 

Clip the short lead from terminal 16 to 
terminal 1; this places the C-1840/ 
FRN-22 in readiness for a simulated 
alarm. 


J602. (These terminal voltages are 
referenced to terminal 18 of chassis.) 


(c) Cam C actuates S601C 66.6 seconds 


(or 79.9 seconds) after S601B closes, 
energizing relay K603 and stepping 
minor switch K605 to contact No. 2. 
Terminal 11 has —12 volts de, mo- 
mentarily, before K605 steps. 


(qd) Cam D actuates S601D 6.6 seconds 


(or 7.9 seconds) after S601C operates, 
energizing K604 and delivering —12 
volts to terminal 6. 


(e) Cam B releases S601B 133.3 seconds 


(or 159.9 seconds) after S601D oper- 
ates, deenergizing relays K602, K603, 
and K604, restoring —12 volts dc to 
terminal 17, and removing —12 volts 
dc from terminal 6. 


(f) Cam C releases S601C 6.6 seconds (or 


7.9 seconds) after S601B has opened. 


(g) Cam D releases S$601D 6.6 seconds (or 


7.9 seconds) after S601C releases. 


(h) Cam A. releases S601A 13.3 seconds 


(6) 


(or 15.9 seconds) after S601D releases, 

deenergizing motor of S601. 
Energizing relay K601 prevents repeti- 
tion of the transfer cycle. (After relay 


(4) Remove the clip lead from terminal 8 K602 deenergizes, it will immediately re- 
to simulate an alarm. Reconnect the energize to continue motor operation for 
clip lead after the motor starts. Relay the second transfer cycle, if K601 is not 
K601 deenergizes and relay K602 should energized. ) 
energize, starting the timer motor of (7) When the motor stops after the transfer 
S601. Motor operation is best observed cycle ends, minor switch K605 (fig. 251) 
through the window in the end of the arm should be in position No. 2. Check 
motor housing. Relay K602 removes the power failure reset by shutting off 
—12 volts from terminal 17. 115-volt ac power (leaving 12-volt de 

(5) When the motor starts, the first transfer on) for several seconds. This allows 


cycle automatically runs to completion, 
following the sequence below. (Refer to 
figs. 252 and 253.) 


(a) Cam A closes S601A 6.6 seconds (if 


ac line frequency is 60 cps) after K602 


thermal relay K606 to close and applies 
—12 volts de to minor switch K605 re- 
lease coil and returns K605 arm to posi- 
tion No. 1, the home position. 


c. Use of Chart. Noting the results of each 
step of foregoing operational check, departures 
from normal operation will become apparent. 
These departures are listed in the /ndication col- 
umn of the troubleshooting chart. 


energizes and the motor starts (7.9 
seconds if frequency is 50 cps). 

(6) Cam B closes S601B 6.6 seconds (or 
7.9 seconds) after S601A closes, plac- 
ing —12 volts dc on terminal 9 of 
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d. Troubleshooting Chart. 


Item 


Indication 


Probable trouble 


Procedure 
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—12 volts not present at terminal 17 
of J602 when de power is applied. 
Relay K601 operates improperly: 
Energizes before terminals 11 and 
16 are jumpered. 


Does not energize when terminals 
11 and 16 are jumpered (when 
terminal 8 is jumpered to 
terminal 18). 


Energizes at moment of Jumper 
contact between terminals 11 
and 16, but does not hold. 

When normal signal condition (ter- 
minals 8 and’18 jumpered) exists, 
any part of transfer cycle is in 
operation (timer motor or K602). 

When alarm is simulated: 

Relay K601 does not deenergize_ 

Relay K602 does not energize, 
and motor of S601 does not 
operate. 


Timer motor does not operate___ 


S601A does not operate properly, 
or-at proper time. 


S601B does not operate properly, 
or at proper time. 


—12 volts de not present at 
terminal 9 after S601B closes. 


S601C does not operate, properly 
or at proper time. 


Minor switch K605 does not 
step to contact No. 2 when 
S601C operates. 


Relay K603 does not energize 
after S601C operates. 


Relay K603 energizes after 
S601C operates but will not 
hold. 


Relay K602 does not hold when 
S601C operates. (K603 will 
not hold either, in this case.) 

—12 volts de not present at 
terminal 8 after K603 ener- 
gizes. 


Relay K602 (fig. 251) defective____ 
Relay K603 (fig. 251) defective____ 


Relay K606 defective_______- eee 


Relay K601 defective____________ 
Relay K601 defective____________ 
Minor switch K605 defective: 
Off-normal contacts, if arm 
in home position. 
Release coil, if arm is off home 
position. 
Relay K601 defective___________- 


Relay K602 defective__________._ 
Switch S601A defective_________- 


Relay K601 defective____________ 
Relay K601 defective___________- 
Relay K603 defective___________- 
Minor switch K605 defective___-___ 
Relay K602 defective___________- 
Fuse F601 defective____________- 
Relay K602 defective___________- 


Cam A _ plates not properly 
adjusted. 
Cam B plates not properly 


adjusted. 
Switch S601B defective_________- 
Switch S601C defective_________- 
Minor switch K605A defective____ 
Cam C_ plates not properly 
adjusted. 


Switch S601C defective__________ 
Switch S601D defective__________ 


Relay K603 (fig. 251) defective____ 


Relay K603 defective____________ 


Relay K603 defective:._:..-.._-. 


Relay K603 defective___________-_ 


Check K602 contacts (fig. 254). 
Check K603 contacts (fig. 255). 


Remove K606 from the socket and 
repeat the beginning steps of 


the operational check. If this 
corrects the trouble, replace 
K606. 


Check K601 contacts (fig. 254). 
Check K601 coil (fig. 254). 


Check K605 off-normal contacts 
(fig. 256). 

Check K605 release mechanism 
(fig. 256). 

Check K601 contacts. 


Check K602 contacts (fig. 251). 
Check S601A contacts (fig. 252). 


Check K601 contacts (fig. 254). 
Check K601 contacts (fig. 254). 
Check K603 contacts (fig. 255). 
Check K605C arm (fig. 256). 
Check K602 coil (fig. 254). 
Check fuse F601 (fig. 251). 
Check K602 contacts (fig. 254). 


Check cam A plate setting (fig. 


252). 


Check cam A positioning (fig. 252). ; i 


Check cam B plate settings (fig. 
252). 


Check cam B positioning (fig. 252). — i 


Check switch S601B (fig. 252). 
Check switch S601C (fig. 252). 
Check arm of K605A (fig. 256). 


Check cam C plate setting (fig. 


252). 


Check cam C positioning (fig. 252). | 


Replace S601C (fig. 252). 

Check switch S601D (fig. 252). 

Check K605 off-normal contacts 
(fig. 256). 

Check K608 coil (fig. 255). 

Check K603 contacts (fig. 255). 

Check K603 contacts (fig. 255). 


Check K603 contacts (fig. 255). 


Check K603 contacts (fig. 255). 


Item Indication 


Probable trouble 


Procedure 


When alarm is simulated—Con. 
$601D does not operate properly, 
or at proper time. 


Cam D 
adjusted. 


Relay K604 does not energize 
when S601D operates. 


—12 volts de not present at 
terminal 6, after K604 ener- 
gizes. 

Motor of S601 does not stop at end 
of cycle, when cam A releases 
S601A. 

Power failure test (removing 115- 
volt power when cycle is finished) 
does not release K605 arm to home 
position. 


plates 
Switch S601D defective 
Relay K604 defective 
Relay K604 defective 


Switch S601A defective 


Relay K606 defective 
Minor switch K605 defective_-_ 


not Check cam D plate settings (fig. 
252). 

Check cam D positioning (fig. 252). 

Check 8601D contacts (fig. 252). 

Check K604 coil resistance (fig. 
254). 

Check K604 contacts (fig. 254). 

| Check arm and contact 2 of K605B 
(fig. 256). 

Replace switch S601A (fig. 252). 


properly 


Replace K606 (fig. 251). 

Check K605 off-normal contacts 
(fig. 256). 

Check K605 release mechanism 
(fig. 256). 


407. Additional Troubleshooting Data 


a. Additional troubleshooting information can 
be gained by continuity checks on the straight- 
through wiring of the C-1840/FRN-22. ‘These 
checks should be made with all external connec- 


Section XXII. RADIO TRANSMITTER 


408. General 


Troubleshooting the transmitter may be accom- 
plished in the CY-1899/FRN-22 or on the test 
bench. The transmitter front panel meter pro- 
vides important basic troubleshooting informa- 
tion in either case, and should be referred to fre- 
quently during troubleshooting. Transmitter 
troubleshooting may be performed while the al- 
ternate equipment is performing the normal om- 
nirange navigational functions. 


Warning: Extremely high voltages are 
present during all portions of transmitter 
troubleshooting. Take adequate precautions 
against electrical shock. Make tests with 
power off whenever possible; while discharging 
capacitors, use insulated tools, and keep hands 
and tools dry at all times. 


409. Troubleshooting Reference Data 


The following list of illustrations on chart will 
be useful during troubleshooting the transmitter. 


tions removed. The points-of measurement are 
readily seen on the schematic diagram (fig. 141). 

b. Repairs to working parts, such as relays, 
minor switches, and sequential switches, are de- 
scribed in chapter 5. 


T—-573/FRN—20 TROUBLESHOOTING 


Fig. No. Caption 
16 | Radio Transmitting Set AN/FRN-22<A, cording 
diagram. 
19 | Radio Transmitter T—573/FRN-—20, tube and 
crystal locations. 
36 | Radio Transmitter T—573/FRN-20, control 
locations. 
47 | Oscilloscope modulation patterns. 
275 | Radio Transmitter T—573/FRN-20, schematic 
diagram. 
195 | Radio Transmitter T—573/FRN-20, bench test 
setup. 
196 | Radio Transmitter T—573/FRN-20, voltage and 
resistance diagram. 
257 | Radio Transmitter T—573/FRN-20, showing 
capacitors. 
258 | Radio Transmitter T—573/FRN-20, showing 
resistors. 
259 | Radio Transmitter T—573/FRN-20, rear view. 
260 | Radio Transmitter T-573/FRN-20, bottom 
view. 
261 | Radio Transmitter T—573/FRN-20, neutraliz- 
ing capacitor adjustment. 
314 | Radio Transmitter T—573/FRN-20, wiring 
diagram. 
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410. Equipment Required 

a. Test Equipment. The test equipment re- 
quired for troubleshooting the transmitter is 
listed below, with the applicable technical manual 
and common name assigned to each. 


Test equipment Technical manual Common name 
Multimeter ME-77/U___| TM 11-6625-— | Multimeter. 
203-12. 

Electronic Multimeter TM 11-5511__| vtvm. 
TS—505/U. 

Oscilloscope, DuMont, |......-..226.- Oscilloscope. 
Type 2559A. 

Audio Oscillator TS— TM 11-2684A_| AF oscillator. 
382A/U. 

Frequency Meter AN/ TM 11-5120__| Frequency 
URM-32. meter. 

RF Wattmeter AN/ TM 11-5133__| Load watt- 
URM-43A. meter. 


b. Additional Equipment Required. The addi- 
tional equipment required to troubleshoot the 
transmitter is listed below with its common name. 


Qty Description Common name 

1 | Power Supply PP-1331/FRN-20____ 

1 | Fabricated interconnecting cable | Power sup- 
(par. 4130). ply cable. 

1 | Safety door switch (cap portion) | Interlock 
Bryant Electric Co. No. 4600A. jumper 
(Federal Stock No. 5930—757- plug. 
4130.) 

1 | Adapter, connector type N to type | Adapter. 
BNC, UG-201/U. 


411. Removal and Reinstallation 


a. Removal. Disconnect plugs P1, P1806, and 
P1807 (fig. 16). After removing the cabinet trim 
strips, remove the panel screws and the trans- 
mitter. 

b. Reinstallation. Carefully guide the trans- 
mitter RF output cable through the cabinet open- 
ing, replace the transmitter, and fasten it with 
the panel screws. Reinstall the trim strips and 
plugs P1, P1806, and P1807 (fig. 16). 


412. General Precautions 


a. Controls. Do not change any of the control 
settings or the transmitter tuning adjustments 
during troubleshooting. Unless the front panel 
meter readings are being observed, set transmitter 


meter switch S2 in the HIGH VOLTAGE 
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SCALE 100 X 10 position to avoid possible dam- 


age to the meter by an accidental short circuit 


during troubleshooting. 
b. Short and B+ Test. 
the transmitter or connecting to the bench test 


setup, make the resistance measurements listed in 


the chart below. This will avoid additional dam- 
age to the transmitter or the PP-1331/FRN-20. 


Use the multimeter and discharge the test point — 


to chassis before connecting the meter. All checks 
are between chassis and test points unless other- 
wise specified. 


Test point Resistance (ohms) Part tested 
Pin 7 of J1 (fig. SOK OO. wee ul: Capacitors C3, C9, 
259). and C15. 
Pine6)"V 2-(Gg= 258): 45Ke See © Capacitor C8. 
PinS Voieee ee 10-25K_ 2... Capacitor C13. | 
Pin it2; SU Sena Infinite 72: —25-volt bias line. | 
iB Janos alee Infiitite:: Vs." —75-volt bias line. 


413. Bench Test Setup 


a. General. 


chapter 6. 


b. Cable Fabrication. The connections between | 
receptacles J1 and J2 of the transmitter (fig. 259) 
and terminal board TB1 of the PP-1331/FRN- | 
20 (fig. 243) must be fabricated as indicated in 


the chart below. 


Item and use Wire size Length 


Electrical plug connector, H. B. 
Jones Co. part No. § 315 FHT, 
at J1 (fig. 259). 

Electrical plug connector James 
Millen Co. part No. 37001 
(plug), at J2. 

Wire connections between 
PP-1331/FRN-20 and J1. 

Wire connections between 
PP-1331/FRN-20 and J2. 


the | #18 AWG__| 25 ft. 


the | #18 AWG 30 in. 


(HV). 


c. Transmitter Power. The PP-1331/FRN-20, 
which is used with the transmitter under normal 
operating conditions, is the best power source for 
bench testing the unit. It is not considered prac- 


Prior to energizing | 


Normally the transmitter will be 
serviced in the operating position, but when | 
bench servicing, use the bench test setup provided | 
in this paragraph. The bench test setup will | 
require a PP-1331/FRN-20 which has been tested __ 
in accordance with specifications contained in | 


FREQUENCY 
METER 
AN-URM/32 


Ee aa 
ETA | 


lo} O 


22 23 24 25 26 27 28 
5 g ° ° 6 


POWE 


Figure 195. 


ticable to build a substitute supply that would 
be an exact duplicate of the PP-1331/FRN—20. 
d. Test Procedure. 

(1) Remove the transmitter and the PP- 
1331/FRN-20 from the cabinet (par. 
411). 

(2) Connect the test cable between the trans- 
mitter and the PP-1331/FRN-20. 

(3) Connect the load wattmeter to the RF 
output plug P1 (fig. 259) of the trans- 
mitter. 

(4) Remove the front access panel of the 
transmitter and install the interlock 
jumper plug. 

(5) Use the adapter and connect the oscil- 
loscope to receptacle J3 (fig. 257) on the 
transmitter. 

(6) Connect the audio oscillator to the PPp- 
1331/FRN-20 (fig. 195). 

(7) Connect the PP-1331/FRN-20 to 115 
volts ac and turn on the power switch. 


543137 O—60——_20 


RADIO TRANSMITTER 
T-573/FRN-20 


115V AC 
50/60 CPS 


EE 
30 : 
9 * [-) 
=e 4 
R\\SUPPLY PP-I33I/FRN-20 


fs) 


RF 
WATTMETER 
AN-URM/43A 


LOAD WATTMETER 


(NOTE) 


AUDIO OSCILLATOR 
TS—382A/U 


NOTE 
THIS TEST SET UP REQUIRES THE SAME TEST CABLE 
AS PREVIOUSLY USED IN TESTS DESCRIBED IN PARAGRAPH 
468 AND ILLUSTRATED IN FIGURE 229 WITH THE EXCEPTION 
THAT NO CONNECTION IS MADE TO THE MODULATION 
ELIMINATOR MX-1843/FRN-—20 . 


TM215-240 


Radio Transmitter T-573/FRN-20, bench test setup. 


414. Troubleshooting with Radio 
Transmitter T-573/FRN—20 Installed 

Troubleshooting the transmitter while installed 
is usually accomplished with the other equipment 
operating. Refer to section III for the proper 
procedure to turn on one equipment for mainte- 
nance while the other equipment is on the air. 
The load wattmeter should be connected to recep- 
tacle J1802 at the top of CY-1899/FRN-22 (fig. 
996). The audio oscillator referred to in the 
bench test setup will not be needed. 


415. Localizing Troubles 

Warning: Extremely high voltages exist in 
the transmitter during all portions of the 
troubleshooting procedure. Take every pre- 
caution to avoid electrical shock. 

a. General. Perform the troubleshooting pro- 
cedures indicated in the chart after the opera- 
tional check has been made. Compare the results 
of the operational check with the reported trans- 


305 


mitter faults to be certain that it is possible to 
duplicate the fault for troubleshooting. A lack 
of reported indications may be due to improper 
test connections or the trouble may be in another 
unit. 

b. Operational Check. To localize the fault, 
perform all the following operational steps in se- 
quence before proceeding with the troubleshoot- 
ing chart. 

(1) Turn meter switch S2 (fig. 36) to the 
HIGH VOLTAGE position. The meter 
should indicate a minimum of 500 volts. 

(2) Observe the wattmeter indication. Nor- 
mal indication is approximately 50 watts. 

(3) Turn meter switch S2 to the FINAL 
AMP GRID position. Normal indica- 
tion is 7 to 10 ma. 


(4) Turn meter switch S2 to the 2ND AMP 
GRID position. Normal indication is 
1.4 to 3 ma. 

(5) Turn meter switch S2 to the 1ST AMP 
GRID position. Normal indication is 1 
to 1.6 ma. 

(6) Turn meter switch S2 to the MOD TO- 
TAL position. Normal indication un- 
modulated is 55 ma. Normal indication 
modulated is 70 ma. 

c. Use of Chart. To use the chart, check the 
Indication column for the trouble symptoms ob- 
served during the operational check, note the 
probable troubles that may exist, and apply the 
corrective procedure given for that trouble. Note 
all references. 

d. Troubleshooting Chart. 


Item Indication Probable trouble Procedure 
1 | Meter M1 does not indicate 500 | Defective resistor..___.._________- Check resistor R19 (fig. 258). 
volts with S27ine the’ HIGH | Detective switch. 84.24 22225) Check meter switch 82. 


VOLTAGE position. Defective meters2 2-232 le4aebe ede Check meter M1. 
Shorted.capacit@r. ww Check capacitor C25 (fig. 259). 
2 | M1 does not indicate 1 to 1.6 ma | Defective oscillator stage________- Check V1 (fig. 259). 


with S2 in 18ST AMP GRID 
position. 


3 | M1 does not indicate 1.4 to 3 ma 
with S2 in 2ND AMP GRID 
position. 


4 | M1 does not indicate 7 to 10 ma 
with S2 in FINAL AMP GRID tive 
position. 


5 | Wattmeter does not indicate 50 
watts. 
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2ND DBLR AMPL stage defec- 


Check crystal Y1. 

Make voltage and resistance measure- © 
ments at V1 (fig. 196). q 

Check capacitor C5 (fig. 257) by | 
substitution. 

Check adjustment of OSC PLATE 
tuning capacitor C4 (par. 39). 


1ST DBLR AMPL stage defective_| Check V2. 


Make voltage and resistance measure- | 
ments at V2 (fig. 196). Fr 

Check capacitor Cll (fig. 257) by 
substitution. i 

Check adjustment of 1ST AMP 
PLATE tuning capacitor C10 (par. | 
39). 

Check U3. } 

Make voltage and resistance measure- __ 
ments at V3 (fig. 196). | 

Check coupling between L5 and L4 
(fig. 260). 

Check adjustment of EXCITATION 
CONTROL R8 (par. 39). 

Check adjustment of 2ND AMP 
PLATE control C14 (par. 39). 


FINAL AMPL stage defective____| Check V4 (fig. 259). 


Make voltage and resistance measure- 
ments at V4 (fig. 196). 

Check adjustment of FINAL AMP 
GRID tuning capacitors C16 and 
C17 (par. 39). 

Check adjustment of FINAL AMP 
PLATE tuning capacitors C20 and 
C21 (par. 39). 

Check positioning of inductor L8 
(par. 39). 


Item Indication 


6 | Oscilloscope indicates no modula- 
tion and M1 does not indicate 55 
ma with 82 in MOD TOTAL 
position. 

7 | Same as 6 except that M1 does 

indicate 55 ma. 


8 | Oscilloscope indicates low modu- 
lation. 


416. Stage Gain 


Use the procedures given below to locate a de- 
fective stage in the modulator section when the 
modulation percentage is low. 

a. Disconnect the wires from terminals 3 and 
6 of terminal board TB1 on the PP-1331/FRN- 
20 (fig. 243) and turn attenuator AT1 to the full 
clockwise position. 


Step Input connections 


Probable trouble 


MOD APPL stage defective______ Check V7 and V8. 


Procedure 


Make voltage 
and resistance measurements at V7 
and V8 (fig. 196). 


AUDIO DRIVER stage defective__| Check V5 and V6. 


Make voltage and resistance measure- 
ments at V5 and V6 (fig. 196). 

Check transformers Tl and T2 (par. 
417b). 

Check attenuator ATI 
setting. 


(fig. 258) 


One stage defective_._____.__._-- Make stage-gain check (par. 416). 


Check adjustment of AT1 (par. 45). 


6. Stage gains for the indicated input signal 
and the test points are shown in the following 
chart. Apply the indicated signal voltage of 
1,000 cps; take measurements at the indicated test 
points in the order given and calculate stage 
gains. If gains are low, check all components of 
that stage. 


ieee oF Vi and VS (fig..258)...-...--+--==- 

24 | LENS AL toe AGED el Gee. oo a 2. eee S 

3 | Terminals 3 and 6 of TB1 on Power Supply 
PP-1331/FRN-20. 


Input Test points Stage gain 
) Terminals 1 and 3 of T3 (fig. 259) ---------- 66. 6 
2 OM EReLIMINAISwl ANG tor Oleloa sees eee a= eee 80 
Oise erminalstigandssrol) ome mee eee ae 2, 000 


| 417. Isolating Trouble 


a. Voltage and Resistance Measurements. Be- 
fore using figure 196, contained in separate en- 
velope, read the notes carefully, then duplicate 
the test setup and obtain valid measurements. 
The voltage and resistance measurements are used 
to assist in isolating faulty parts after a defective 
stage has been located. When the defective part 
is located, check associated parts to determine 
whether another part caused the failure. 

b. Transformer and Inductor Resistance. 'The 
de resistance values in the chart below can be 
used to assist in isolating a transformer that is 
| open or shorted. 


Transformer or inductor Connection points Resistance (ohms) 


menifig, 258)... +... Across leads_ - - -- - Less than 1. 
as yo, ae Across leads- - - _- - Less than 1. 
eC} Across leads_--..-| Less than 1. 
14 (fig. 260)_____--| Across leads- ----- Less than 1. 
a _| Across leads_ - -_-- Less than 1. 


Transformer or inductor Connection points Resistance (ohms) 
L6 (fig. 259) Ue e Across leads- - - - - - 29. 
| vee: Ah gee ee ed Across leads - - - --- Less than 1. 
1 6s layne et eS ee Across leads- - - _- - Less than 1. 
CT eT MA) ate et | ie ee RON ee 1,650. 
12S oer eee ee 3,300. 
47 GI Maes are 270 
TROLS = Fee OOrs S23 1 Oe 2B IE 2 bef 
13 oe 35. 
Ae Ne es ops 167. 
fe TS slo AR eels NA 340. 
Ris Fe a ey hE [ED hee eee 20. 
123 els Reet a 45. 
jee: Seat eee ee ele 64. 
4 Re, Sr ge ee O21 bie ee 5. 
Secondary - ------- Less than 1. 


(ee ee eee eS 


418. Additional Troubleshooting Data 


a. Tube Substitution. Under some cireum- 
stances, even though tubes have been tested with 
the tube tester, it may be necessary to substitute 
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one or more new tubes of known quality to be 
certain that a tube is not the cause of trouble in 
a defective stage. Never leave a new tube in the 
socket if the unit operates satisfactorily with the 
original tube. 


6. Parts Substitution. Another procedure to 


use for hard-to-find difficulties is the substitution 
of parts that: are known to be functioning prop- 
erly for suspected parts. Be sure to disconnect 
the suspected part before connecting the known 
temporary part. Do not leave the new part in 
the unit unless it corrects the difficulty. 


Section XXIII. RELAY ASSEMBLY RE—247/FRN—22 TROUBLESHOOTING 


419. General 

a. The RE-247/FRN-22 contains control re- 
lays and switches which apply primary power to 
the power supplies of the two transmitting equip- 
ments as directed by dialing procedures. The 
four switches on the RE-247/FRN-22 (two 
switches for each) provide manual control of the 
transmitting equipments for testing. 

b. The RE-247/FRN-22 can be serviced in the 
operating position or at the test bench. Nor- 
mally, service at the test bench is more convenient 
and safer. 


420. Troubleshooting Reference Data 


The following list. of illustrations on chart will 
be helpful in troubleshooting. 


Fig. No. Caption 


13 | Electrical Equipment Cabinet CY—-1897/FRN- 
22, component installation diagram. 
16 | Radio Transmitting Set AN/FRN-22A, cording 


diagram. 

36 | Relay Assembly RE-247/FRN-22, fuse 
location. 

290 | Relay Assembly RE-247/FRN-22, schematic 
diagram. 

197 | Relay Assembly RE-247/FRN-22, bench test 
setup. 

262 | Relay Assembly RE-247/FRN-22, top view. 

263 | Relay Assembly RE-247/FRN-22, rear view. 

264 | Relay adjustment data. 

315 | Relay Assembly RE-247/FRN-22, wiring 
diagram. 


421. Equipment Required 

a. Test Equipment. The following test equip- 
ment Is required for troubleshooting. Test equip- 
ment 1s listed with the applicable technical man- 
ual and assigned common name. 


Test equipment Technical manual Common name 


Multimeter ME-77/U__| TM 11-6625— 
203-12. 


Multimeter. 
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b. Additional Equipment Required. The fol- 
lowing additional equipment is required for trou- 
bleshooting. 

Common name 


Qty Description 


1 | 10-connector female plug H. B. | Power plug. 
Jones Co. part No. 8 310 FHT 
(Federal Stock No. 5935- 
283-2889). 

1 | 12-connector male plug H. B. 
Jones Co. part No. P 412 CCT 
(Federal Stock No. 5935— 
296-8912). 

1 | 6-inch lead with alligator clips 
at each end. 

2 | Power cable with suitable plugs 
at each end. 

1 | Tool equipment TE-113________ 


Test plug. 


Clip lead. 
Power cable. 


Tool kit. 


422. Removal and Reinstallation 
(fig. 16) 


a. Removal. To remove the RE-247/FRN-22, | 


remove plugs P401, P808, P8183, P823, and P825. 


Remove the cabinet trim strips, chassis mounting __| 


screws, and withdraw the chassis. 
b. Reinstallation. 
FRN-22, set it in the cabinet opening and replace 


the chassis mounting screws and cabinet trim | 


strips. Reconnect plugs P401, P808, P8138, P8283, 
and P825 to their proper receptacles. 


423. General Precautions 

a. Controls may be left in their normal operat- 
ing positions (switches for both equipments set 
on 460A and OFF). 

6. Before applying power or initiating other 


troubleshooting procedures, make a visual inspec- 


tion and a quick short circuit test between each 
plug or receptacle terminal and terminal 2 of 
receptacle J401 (fig. 263). 


424. Bench Test Setup 
a. Connections for bench tests are shown in 
figure 197. 


To reinstall the RE-247/ — 4 


115V AC 
50/60 CPS 


RELAY ASSEMBLY 12-VOLT DC 
RE-247/FRN-22 POWER SUPPLY 


MULTIMETER 
ME-77/U 


J401 


115V AC A. TEST CONNECTIONS 
50/60 CPS 
PART PART NOTES 
OF OF |. CONNECTOR PLUG, H.B JONES 
J402 (NOTE 1) J40l (NOTE 2) #P-412-CCT (SAME AS P813) 


2. CONNECTOR PLUG,H.B.JONES 


—l2v be #B-310-FHT (SAME AS P808) 
eie0 De 3. TEST POINTS INDICATED BY 0 MADE 


BY SOLDERING 2 INCH LENGTH #16 


—— 
>—++— - ev nye AWG SOLID WIRE TO CONNECTOR. 
— 
—- 
Sn 


TP I 


4 4 
aU 
ao nm 


4. CABLE LENGTH AS REQUIRED, USE 
—l2V DC #20 AWG STRANDED WIRE 


-l2v oC 


aaa 


4 
uv 
fo) 


-—l2Vv DC 


oY Oa dU HW — 
ae | 
v 
“ 
2 
(e) 
os | 
m 
b 


fifth 


4 
v 
@ 


joeeeees 


(NOTE 3) es 
B.CABLE FABRICATION gia eT ke 


Figure 197. Relay Assembly RE-247/FRN-22, bench test setup. 


b. The bench test requires two proper sources. 6. Follow procedures given below for checking 
(1) A source of 115 volts, 50 or 60 cps ac, equipment No. 1 automatic control circuits. 
with adequate switching for control of (1) Apply 115-volt ac power to receptacles 
power application. J403 and J404. 
(2) A source of 12 volts de at 1 ampere with (2) Apply +12 volts de to terminal 2 of 
adequate switching to control power ap- receptacle J401. 
plication. (3) Apply —12 volts de to terminal 3 of 
c. Make the following test connections: receptacle J401. Relay O 401 should 
(1) Use female plug H. B. Jones, part No. close, placing 115 volts ac at terminals 
S 310 FHT, obtained from bulk or spare 3 and 4 of receptacle J402. 
supplies. Wire the power plug (B, fig. (a) If relay O 401 closes but 115 volts ac 
197). does not appear at terminals 3 and 4 
(2) Use male plug H. B. Jones, part No. P of J402, check the contacts of O 401, 
412 CCT, obtained from bulk or spare receptacle J403, wiring from J403 to 
supplies. Wire the test plug (B, fig. O 401, and from O 401 to J402. 
197). (b) If relay O 401 does not close, check 
the winding resistances of O 401, check 
425. Troubleshooting Procedures switch S401, receptacle J401; and asso- 
(figs. 263, 264) ciated wiring. 
a. Procedures for troubleshooting consist of (4) Apply —12 volts dc to terminal 4 of 
observing relay operation as energizing voltages receptacle J401, leaving other voltage 


connections in place. Relay O 402 should 


are applied and measuring voltages controlled by 
close, placing 115 volts ac at terminals 


these relays at output receptacle J402 (fig. 263). 
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1 and 2 of J402, with O 401 remaining 
closed. 

(a) If O 402 closes, but 115 volts ac is 
missing from terminals 1 and 2 of 
J402, check the contacts of O 401 and 
O 402, check receptacles J402, J403, 
J404, and associated wiring. 

(6) If O 402 does not close, check winding 
resistance of O 402, switches S401 and 
S402, receptacle J401, and associated 
wiring. 

c. Follow procedures given below for checking 
equipment No. 1 manual control circuits. 

(1) Set switch S401 (fig. 262) to TEST. 

(2) Apply 115 volts ac to J403 and J404. 

(3) Apply +12 volts de to terminal 2 of 
J401 and —12 volts dc to terminal 1 of 
J401. 

(4) Set switch S402 to ON. Relays O 401 
and O 402 should close, making 115 volts 
ac available at terminals 1 and 2 and at 
terminals 3 and 4 of J402. 

(a) If the relays close, but either or both 
115-volt outputs are missing, check 
contacts of both relays, receptacles 
J403 and J402, and associated wiring. 

(6) If either or both relays fail to close, 
check the winding resistance of the 
open relay; check J401, S401, S402, 
and associated wiring. 

(5) Return S401 and S502 to normal 
(down). Disconnect the —12 volts de 
from terminal 1 of J401. 

d. To check equipment No. 2 automatic-control 
circuits, proceed as follows: 

(1) Apply 115-volt ac power to receptacles 
J403 and J404. 

(2) Apply +12 volts de to terminal 2 of 
receptacle J401, and —12 volts de to 
terminal 5 of J401. Relay O 403 should 
close, placing 115-volt ac to terminals 
7 and 8 of J402. 

(a) If relay O 403 closes, but 115 volts ac 


is missing from terminals 7 and 8 of | 


J402, check the contacts of O 408, 
J403 and J402, and associated wiring. 
(6) If O 403 does not close, check the 


winding resistance of O 403, switch — 


S403, J401, and associated wiring. 


(3) Apply —12 volts de to terminal 6 of 


J401, leaving other voltage connections 
in place. Relay O 404 should close, plac- 
ing 115 volts ac at terminals 5 and 6 of 
receptacle J402, with O 403 remaining 
closed. 
(a) If relay O 404 closes but 115 volts ac 
is missing from terminals 5 and 6 of 
J402, check contacts of O 404 and 
O 4038, J402, J403, J404, and asso- 
ciated wiring. 
(6) If relay O 404 does not close, check 
the winding resistance of O 404, J401, 
S408, and associated wiring. 
e. To check equipment No. 2 manual-control 
circuits, proceed as follows: 
(1) Set switch S408 to TEST. 
(2) Apply 115 volts ac to J403 and J404. 


(3) Apply +12 volts de to terminal 2 of | 
J401, and —12 volts de to terminal 1 | 


of J401. 


(4) Set switch $404 to ON. Relays O 403 
and O 404 should close, placing 115 volts 
ac at terminals 5 and 6 and at terminals ; 


7 and 8 of J402. 


(a) If both relays close, but either or both | 
115-volt ac outputs are missing, check 
contacts of O 403 and O 404, J402, | 
J403, and J404, and associated wiring. | 

(6) If either or both relays fail to close, | 
check winding resistance of the open | 
relay, check J401, S403, S404, and | 


associated wiring. 

f. Before returning the RE-247/FRN-22 to 
service in the omnirange set, make a final test, 
based on troubleshooting continuities, and rerun 
the operational check. 


Section XXIV. RELAY ASSEMBLY RE-248/FRN—22 TROUBLESHOOTING 


426. General 

a. The RE-248/FRN-22 contains relays which 
are controlled by dial pulses from the C-1738/ 
FRN-20 to switch the signal and control voltages 
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between the two transmitting equipments. Also 
included are a test switch, receptacle, and jacks 
for testing one transmitting equipment while the 
other is in operation. 


a 


b. The RE-284/FRN-22 can be serviced in 
place in the control cabinet but removal to the 
test bench is more convenient and safer. 


427. Troubleshooting Reference Data 


The following list of illustrations on chart will 
be useful during troubleshooting. 


Fig. No. Capticn 


13 | Electrical Equipment Cabinet CY-1897/FRN- 
22, component installation diagram. 
16 | Radio Transmitting Set AN/FRN-22A, cording 


diagram. 

289 | Relay Assembly RE-248/FRN-22, schematic 
diagram. 

198 | Relay Assembly RE-248/FRN-22, bench test 
setup. 

248 | Relay adjustment data. 

265 | Relay Assembly RE-248/FRN-22, interior 
view. 


266 | Relay Assembly RE-248/FRN-22, rear view. 

267 | Relay adjustment data. 

316 | Relay Assembly RE-248/FRN-22, wiring dia- 
gram. 


428. Equipment Required 


| a. Test Equipment. The test equipment re- 

| quired for troubleshooting is listed below with 

| the applicable technical manual and the common 
name. 

Common name 


Test equipment Technical manual 


| Multimeter ME-77/U__| TM 11-6625- | Multimeter. 


203-12. 


| b. Additional Equipment. The additional 
| equipments required to troubleshoot the RE-248/ 
| FRN-22 are listed below with their common 
| names. 


Qty Description 


Common name 


1 | 6-inch wire lead with alligator | Test lead. 
clips on each end. 

1 | Tool Equipment TE-113__._____| Tool kit. 

1 | Female 24-connector plug H. B. | Test and power 

Jones Co. part No. S 324 FHT plug. 

(Federal Stock No. 5935- 

644-7410). 

2 | Female 10-connector plugs H. EP. 

Jones Co. part No. 8 310 FHT 

(Federal Stock No. 5935-283- 

2889). 


Test plugs. 


429. Removal and Reinstallation 


a. Removal. To remove the RE-248/FRN-22 
for bench testing, disconnect plugs P805, P806, 
and P807 (fig. 16). Remove the cabinet trim 
strips and chassis mounting screws. Withdraw 
the RE-248/FRN-22 from the cabinet. 

6. Reimstallation. To reinstall, replace it in the 
cabinet opening, replace the chassis mounting 


screws, cabinet trim strips, and reconnect plugs 
P805, P806, and P807. 


430. General Precautions 


a. The position of the only control, the MOD 
ELIM TEST switch, is unimportant during test- 
ing; this portion of the circuit is not under test. 

6. Make a visual inspection and short-circuit 
test before applying power or initiating other 
troubleshooting procedures. Check the resistance 
between chassis (terminal 24 of receptacle J301 
in figure 266) and other terminals of J301, J303, 
and J304. 


431. Bench Test Setup 


a. Connections for bench testing are shown in 
figure 198. 

b. Power required for bench tests consists of a 
12-volt ac, 1-ampere source with adequate switch- 
ing to control power application. 

c. Make up the following test connectors: 

(1) Use an H. B. Jones, part No. S 324 
FHT, obtained from bulk or spare sup- 
plies, and make up the test and power 
plug (B, fig. 198). 

(2) Use an H. B. Jones, part No. S 310 
FHT, obtained from bulk or spare sup- 
plies, and make up the two test plugs 
(B, fig. 198). 


432. Troubleshooting Procedures 

a. With the RE-248/FRN-22 disconnected, 
refer to the schematic diagram (fig. 289) and 
make continuity checks between the terminals of 
receptacle J301 and J303 or J304 (fig. 256). 

b. Apply 12 volts dc, as indicated in the test 
setup, to energize the three relays and again make 
continuity checks between the terminals of J301 
and J303 or J304. 


433. Final Test 

Before returning the RE-248/FRN-22 back to 
service in the omnirange set, make a final test 
based on troubleshooting procedures (par. 432). 
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RELAY ASSEMBLY 
RE-248/FRN-22 


MULT IMETER 
ME-77/U 


-12 VOLT 
DC 


SUPPLY 


A. TEST CONNECTIONS 


2 

3 

4 

eee -12V DC 
FOR 0303 

6 

7 

8 

9 


TP5 
poe TP7 


-12V DC 
FOR 0301 
ees 
TPS 
10 > TPIO 
| > tpi! 
MATES | 
WITH 12 +o TPI2 
J301 | 
13 > TPI3 
NOT 
4 >t USED 
15 >—L—_—_o tpI5 
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16 >—+——o TPI6 
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7 FOR 0302 
8 +12V DC 
FOR 0302 
Pan aie TPIS 
20 > TP200 see 
RO are TP2I 
a cere i Carr 
23 > tra3 
+12V DC 
oy FOR 0303 


(NOTE 2) (NOTE 3) 
pas TPL ane 
2 >—1-—© Tr2 ee 
3 >——0 1P3 3 >-+—0 TP3 
4>——0 TP4 4 >» 1p 
MATES 5 >1— tps MATES paren TPS 
J303 Dera TP6 304 6 >—0 TPG 
aaa TP7 Pail 
Pear at as 
9 > 100 9>+— F Useo 


io > 
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B. CABLE FABRICATION 


NOTES 


CONNECTOR, PLUG, H.B. JONES # S-324-FHT 
(SAME AS P805). 


2. CONNECTOR, PLUG, H.B. JONES #S-310-FHT 
(SAME AS P806). 

3. CONNECTOR, PLUG, H.B. JONES #S-310-FHT 
(SAME AS P807). 

4. TEST POINTS DENOTED BY O ARE MADE BY 


SOLDERING A 2 INCH LENGTH OF #16 AWG 
SOLID WIRE TO PLUG TERMINAL. 


TM215- 243 


Figure 198. Relay Assembly RE-248/F RN-22, bench test setup. 


Section XXV. 


434. General 


The voltage regulator is located in the CY- 
1897/F RN-22 cabinet. When troubleshooting the 
voltage regulator, notify the proper authorities 
that the station is off the air for maintenance. 
For reason of accessibility, it is preferable to re- 
move the unit from the cabinet for service. Trou- 
bleshooting should be accomplished close to the 
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VOLTAGE REGULATOR CN-358/FRN—22 TROUBLESHOOTING 


omnirange set, so that it can be used as a load. 
Use the information in this section to obtain a 
complete and accurate diagnosis of trouble. To 
avoid additional damage or difficulties, be sure to 
complete the short test (par. 438) and perform 
a thorough visual inspection before applying 
power. If special repair procedures are required 
after the trouble has been located, refer to chap- 
ter 5. 


435. Troubleshooting Reference Data 


The following list of illustrations on chart will 
be useful during troubleshooting of the voltage 
| regulator. 


Fig. No. Caption 


13 | Electrical Equipment Cabinet CY-1897/FRN-— 

22, component installation diagram. 

16 | Radio Transmitting Set AN/FRN-22A, cording 

diagram. 

26 | Voltage Regulator CN-358/FRN-22, tube and 

fuse locations. 

34 | Voltage Regulator CN-358/FRN-—22, fuse, con- 

trol, and indicator locations. 

291 | Voltage Regulator CN-358/FRN-22, schematic 
diagram. 

148 | Ac power 
diagram. 

199 | Voltage Regulator CN-358/FRN-22, test setup. 

200 | Voltage Regulator CN-358/FRN-22, voltage 
and resistance diagram. 

268 | Voltage Regulator CN-358/FRN-22, 

view. 

269 | Voltage Regulator CN-358/FRN-22, rear view. 

270 | Voltage Regulator CN-358/FRN-22, subchassis 

intefior view. 

302 | Electrical Equipment Shelter S-120/FRN-22, 

wiring diagram. 

317 | Voltage Regulator CN-358/FRN-22, wiring 
diagram. 


distribution circuits, schematic 


front 


|436. Equipment Required 


| a. Test Equipment. The test equipment re- 
iquired for troubleshooting is listed below with 
jthe applicable technical manual and the common 
name. 


Test equipment Technical manual Common name 


{Multimeter ME-77/U__| TM 11-6625- | Multimeter. 


203-12. 


Description Common name 
1 | Cable, bench test, Pl to J1______- Test cable. 
ATIC ae) ame fae eee Jumper. 


437. Removal and Reinstallation 


Although special techniques are not required 
for removing or replacing the voltage regulator, 
make certain that circuit breaker K1001 on the 
antenna pedestal (fig. 201) is in the off position. 

a. Removal. Turn off circuit breaker K1001 
and disconnect the three wires at terminal board 
TB1 on the rear of the voltage regulator (fig. 
269). Loosen the eight screws at the sides of the 
front access panel. Withdraw the voltage regu- 
lator from the cabinet. 


6. Reinstallation. Replace the voltage regu- 
lator in the cabinet and tighten the eight screws 
on the front panel. Reconnect the three wires 
to terminal board TB1. Set circuit breaker 
K1001 to the on position. 


438. General Precautions 


a. Controls. Two screwdriver adjustments 
(R12 INCREASE OUTPUT VOLTAGE AND 
R13 INCREASE SENSITIVITY) are located 
behind access holes in the front panel (fig. 268). 
Do not change these settings during troubleshoot- 
ing unless specifically told to do so. 

6. Short Test. Before power is applied, make 
a visual inspection to insure that receptacles and 
terminal boards for power input and output are 
in working order and that tubes are properly 
seated in their sockets. With the voltage regu- 
lator disconnected, refer to figure 269 and meas- 
ure the de resistance between terminal 4 of ter- 
minal board TB1 and chassis. An infinite value 
of resistance should be obtained. If a finite value 
is obtained, check transformers T1, T2, T3, T4, 
and T5 for a defect before applying power. 


439. Bench Test Setup 


a. General. The test setup is shown in figure 
199. A variable transformer should be used to 
vary the input voltage to check the compensating 
action of the voltage regulator. The omnirange 
set is used as the load for the voltage regulator. 
The subchassis of the voltage regulator is re- 
moved, opened, and connected to the main chassis 
by a test cable, to perform the troubleshooting 
procedures. 

b. Cable Fabrication. The test cable between 
the main chassis of the voltage regulator and the 
subchassis must be fabricated as indicated in the 
following chart. 
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(2) Remove the voltage regulator from the 
cabinet (par. 437a). , 


Ticthieiinlermetarcande ane (3) Connect the voltage regulator to auto- 
FHT (Federal Stock No. 5935- (4) Apply 2380 volts ac to the voltage regu- 
259-204}, at Pl on subchassis. lator 

Electrical plug connector, H. B. 
Jones Co. part No. P 2408 
FHT (Federal Stock No. 5935- 
259-204), at J1 on main chassis. jammin oe a. General. Troubleshooting the voltage regu-— 

Bare econ aroma percent Ly | mie 4A lator by use of the chart below is a systematic 


Item and use Wire size Length 


440. Localizing Troubles 


se aes ene ae oct ob method of isolating a defective part. | 
b. Preliminary Operational Check. To prevent 

c. Test Procedure. the introduction of additional troubles, check the © 
(1) Turn circuit breaker K1001 (fig. 201) test setup for secure and correct connections. Ap- | 
off. ply 230 volts ac to the input and check for such | 


VOLTAGE REGULATOR 
CN—358/FRN-—22 


SUBCHASSIS 


230V AC OUTPUT TO 
AUTOTRANSFORMER 
TIOO! 


(NOTE 1) 


1I95V TO 255V 
AC INPUT 


A.TEST CONNECTIONS 
(NOTE 2) (NOTE 3) 


1) (NOTE 4) 


B. CABLE FABRICATION 


NOTES 


|, USE #10 TW WIRE BETWEEN INPUT SOURCE AND TO 
OUTPUT CONNECTIONS. 


2. CONNECTOR PLUG, H.B. JONES #S-2408-FHT 
. CONNECTOR PLUG, H.B. JONES #P-2408-FHT 


4. vies ha LENGTH AS REQUIRED ,USE #16 AWG STRANDED 


ol 


TM215-244 


Figure 199. Voltage Regulator CN-358/F RN-22, bench test setup. 
314 


defects as overheating transformers, smoking 
components, cold tubes, or blown fuses. 

c. Use of Chart. To use the chart, check the 
Indication column for the trouble symptoms ob- 


served, note the probable troubles that may exist, 
and apply the corrective procedure given for that 
trouble. Use all paragraph references. 

d. Troubleshooting Chart. 


output with a change of input or a 
change in load. 


Item Indication Probable trouble Procedure 
PR OCG ee Defective circuit breaker_______ Check circuit breaker K1 (fig. 268). 
Defective transformer__________ Check transformer T4 (par. 441b). 
2 | No indication on meter M1_________ ROW RUISE old ee Un Se EN Check fuses Fl and F2 (fig. 269). 
Perective metertn cs See Check meter M1. 
3 | Indicator lamp I 1 does not light____- SVL: SUNT Se ee a Check fuse F4. 
Wetrecuve lampec. ie. Check lamp I 1. 
Defective transformer__________ Check transformer T5 (par. 441b). 
4 | V1 and V2 filaments do not light_____ Defective tubesi40 2 el fe Check V1 and V2. 
Defective transformer__________ Check transformer T1 (par. 441b). 
5 | Motor does not operate to correct the | Blown fuse__________________-_ Check fuses F3 and F5. 


-Check V1 and V2. 
Check by substitution relays RLI 


6 | Motor operates but output voltage 
does not change. 


Detective motors esses. 32. 21k 
Defective brushes_.-__________ 


and RL2 and resistor assembly R2 
(fig. 269). 

Make voltage and resistance measure- 
ments (fig. 200). 

Check motor B1. 

Replace brushes (ch. 5). 


| 441. Isolating Trouble 


a. Voltage and Resistance Measurements. Be- 
| fore using figure 200, contained in separate en- 
| velope, read the notes on it carefully to duplicate 
| the setup and obtain valid measurements. The 
| voltage and resistance measurements are used to 
| help isolate faulty parts after a defective stage 
| has been located. When the defective part is lo- 
| cated, check associated parts to determine whether 
| another part caused the failure. (A shorted ca- 
| pacitor can overload an associated resistor.) 

b. Transformer Fesistance. The transformers 


in the voltage regulator have very low de resist- 
ance; therefore, the measurement of a winding to 
determine whether a winding is open is all that 
is necessary. 


442. Additional Troubleshooting Data 


A procedure for hard-to-find difficulties is the 
substituting of parts that are known to be func- 
tioning properly for suspected parts. Be sure to 
disconnect the suspected part before connecting 
the good temporary part. Do not leave the new 
part in unless it corrects the difficulty. 
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CHAPTER 5 
REPAIRS AND ALINEMENT 


Section |. REPAIRS 


443. General Parts Replacement Techniques 


Parts replacement in Radio Transmitting Set 
AN/FRN-22A is covered by individual para- 
graphs for each component within this section. 
The following precautions should be observed 
during repair work. 

a. When replacing parts near an RF inductor, 
or the inductor itself, avoid bending or reposi- 
tioning the inductor windings. Replace all tap 
connections in the same positions as the original. 

b. Do not attempt the replacement of parts of 
a relay, minor switch, or lever switch. Replace 
the complete component part and adjust it in ac- 
cordance with applicable instructions. 

c. Exercise extreme care when soldering to 
feed-through capacitors, diode rectifiers, and her- 
metic seals, to avoid overheating. Grasp the lead 
between the solder point and the seal with a pair 
of pliers to dissipate the heat. 

d. Removal and reinstallation procedures are 
contained in the appropriate paragraph in chap- 
ter 4 and special parts replacement procedures 
are contained in the specific paragraph of this 
section. 

e. Components and parts requiring lubrication 
are listed in paragraph 223. Perform the appli- 
cable procedure to the unit undergoing repair or 
during parts replacement. 


444. Coaxial Cable Fabrication and Repair 


Repairs to and fabrication of coaxial cables 
used in the omnirange set are very critical. This 
paragraph describes the various procedures for 
the fabrication of coaxial cables for the omni- 
range set. 

a. Cable Lengths. The table of coaxial cables 
contained in paragraph 4456 lists the coaxial ca- 
bles with critical dimensions. Do not deviate 
from these lengths at any time. When defective 
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cables require repairs which necessitate shorten- 
ing, a new cable must be fabricated. 
b. Coaxial Connectors. Physically damaged 


connectors must be replaced because repairs are — 


not permissible. Figure 274 illustrates the two 


types of connectors used in the omnirange set | 


and contains assembly instructions. Do not sub- 


stitute coaxial connectors of a different type from | 


those specified in the parts list for the omnirange 


set. During assembly, be extremely careful to — 
avoid loose shield braid strands inside the con- _ 
Loose strands will either short the con- | 
nector or cause a change in impedance of the | 
Follow the step-by-step procedure given 
in figure 274 and be sure that the center pin can | 
be pushed into the plug or does not protrude too | 
far out of the plug. re 

Examine all coaxial cables | 
Discard any cable with such | 
damage because either type will deteriorate rap- | 
Coaxial cable that — 
has aged a long time without the ends sealed | 
should be examined carefully. If the end does | 
not appear fresh and pliable, cut off several | 
inches until the fresh material is reached. When | 
stripping the outer protective covering from ¢co- | 
axial cable, do not cut the shield braid. Such | 
damaged strands will cause future cable troubles. — 


nector. 


cable. 


c. Coawial Cable. 
for dents or cuts. 


idly or vary in impedance. 


d. Variable Carrier Feed Cables. In some 


cases difficulty may be encountered in balancing | 
of power fed to the two variable carrier feed | 
characteristics. | 
Length, connectors, and coaxial cable quality are | 


lines, due to unequal cable 


the chief elements involved. To remedy this 


situation, make two new cables of the exact length | 


from the same bulk supply of cable. 


e. Testing Fabricated or Repaired Coaxial Ca- | 
After fabrication or repair of a coaxial © 
cable, check the cable by the procedures given | 


bles. 


in paragraph 255. The reflected power percent- 
age must be less than 1 percent and the difference 
between matched coaxial cables less than 1% of 1 
percent. 


445. Wiring Harness and RF Cable Repair 


a. Wiring Harness Repair. When wires in 
| wiring harnesses are broken or damaged, replace 
them with new wires of the same color, size, and 
| type as the original. 

6. RF Cable Repair. Defects in RF cables 
| most commonly occur at or near the connectors. 
| In many cases, to repair such a defect, it would 
| be necessary to reduce the length of the cable. 
| Because the length of most RF cables used in the 
| omnirange set is quite critical, it usually will be 
| hecessary to construct a new cable rather than 
repair the old one. Before repairing or con- 
structing an RF cable, refer to the chart below to 
| determine which cables have critical lengths and 
| what their overall lengths should be. All cables 
listed in the chart are shown in figure 16. Cables 
| which are part of a component are identified by 
jname in the chart. 


Cable designation Overall length 
Mere) EERIE Soy oro ite at! 132+ \& in. 
eee Mee theo oe 116+¥% in. 
CE a oe 132+ \% in. 
ee 14+ in. 
eee ee 60+% in. 
le ra 60+% in. 
Ree eI iema Gh ht 60+ % in. 
EE ee eee eee 60+% in. 
le 60+ % in. 
ss ta a ann 60+ % in. 


Variable carrier output cable (attached 
to receptacle J1801 or J1803 in the 
CY-1899/FRN-22). 

Reference carrier output cable (attached 
| to receptacle J1802 in the CY-1899/ 
FRN-22). 

Tansmitter output cable (attached to 
transmitter). 


14+ \%» in. 


68 + in. 


15%+ ¥ in. 


446. Replacement of Electrical Goniometer 
: GO-12/FRN—20 Drive Belt 

a. Use the telephone dial on the C-1738/FRN- 
20 to turn on the transmitting equipment in 
hich the goniometer drive belt is not being re- 
placed. Dial 9, then 8, to turn on transmitting 
equipment No. 1. Dial 7, then 6 to turn on trans- 

itting equipment No. 2. 


6. On the goniometer, loosen the motor base 
mounting bolts (fig. 80) and remove the drive 
belt. 

c. Install a new drive belt and aline the belt 
between the pulleys. 

d. Position the motor for 1 inch of play in the 
drive belt. Then tighten the motor base mount- 
ing bolts. 

e. To prevent excessive drive belt wear, the 
drive belt and motor pulley must be alined care- 
fully so that, as the goniometer motor operates, 
the drive belt will remain centered on the motor 
pulley and not rub against the face of either pul- 
ley flange. Dial the transmitting equipment into 
operation and observe the drive belt as the go- 
niometer motor operates. 

f. If the drive belt does not remain centered 
on the motor pulley, dial 10 to turn the equip- 
ment off. Reposition the goniometer motor 
slightly. 

g. Repeat the procedures given in e and f above 
until the dial belt is properly alined. 


447. Relay Repair 

a. General. The repair procedure for all re- 
lays is contained in the following paragraphs. 
Each part requires an adjustment and cleaning 
method which constitutes the only repairs per- 
missible. An illustration (fig. 202) has been pro- 
vided which contains specific data for adjust- 
ment. Technical manual TM 11-2103 contains 
additional information applicable to these ‘parts, 
and will be a primary guide to all procedures. 
Specific information on the unusual relays of the 
omnirange set is contained in the paragraphs de- 
scribing the repairs to the unit of which they are 
a part. 

b. Open Frame Relays. The following steps 
apply to the open frame type relays and should 
be used with the illustration data applicable to 
the specific relay. 

(1) Burnish contacts lightly with flat-blade 
Burnisher TL-557/U until minor pits 
and scores are removed. Examine con- 
tacts under a strong light with a magni- 
fying lens. Remove dirt and film from 
contacts with cleaning compound. 

Caution: Never use emery cloth, 
sandpaper, or a file to clean contacts. 
Do not burnish deeply pitted or burned 
contacts; replace the relay. 
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(2) Disconnect all external connections from 
the component (fig. 16) and one lead 
from the relay coil. Measure the coil 
resistance with the multimeter and com- 
pare the values with chart values. 

(3) Connect a variable source of voltage (ac 
or de, shown in chart) across the relay 
coil and slowly increase the voltage un- 
til the relay pulls in. Measure the volt- 
tage with the multimeter and compare 
it with the chart value. Adjust the 
spring anchor as required to obtain the 
correct pull-in voltage. 

(4) Measure the deenergized contact gap 
with a thickness gage and compare the 
gap with the chart value. Bend the 
lower stationary contacts as required to 
obtain the proper gap. 
Manually move the relay armature until 
the contacts just close; measure the gap 
between the armature and the core. Com- 
pare the gap with the contact overtravel 
value in the chart. Bend the movable 
point to obtain the desired overtravel. 

Manually hold the armature in the fully 

energized position (armature against 

core) and measure the pressure required 

(adjacent to contact) to just break the 

contacts with Gram Gauge TL-559/U. 

contact arms at the armature attach 

Compare the energized pressure with the 

chart value. 

(7) Release the relay armature and measure 

the pressure (adjacent to contact) re- 

quired to just break the contacts. Com- 
pare the deenergized pressure with the 
chart value. 

Check the contacts of both sections to 

insure that the contacts make and break 

at approximately the armature position. 

Reconnect the relay coil lead and the 

external connections that were removed 

in the procedure given in (2) above. 

c. Telephone-Type Relays. Telephone-type re- 
lays are repaired, cleaned, and adjusted in ac- 
cordance with procedures given in TM 11-2103. 
The data given in the illustrations for this section 
contain information required to test and adjust 
the relays in the omnirange set. 

(1) The contact arrangement, shown in the 
data illustrations, is viewed from the 
relay mounting end. 


(5 


~~ 


(6 


— 


(8 


Nees 
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(2) Relay coil resistances are de and meas- 
ured with the multimeter. ‘ 

(3) Minimum back contact pressure is meas-_ 
ured with Gram Gauge TL-559/U. | 

(4) Test (operate and nonoperate or release) 
values are the voltages applied to deter- 
mine whether adjustment is necessary. 
Use a variable power source which starts | 

at zero output and monitor with the 
multimeter. The relay is acceptable if 
tolerances are met without tension adjust- | 
ments. | 

(5) Adjust values are those which must be | 
obtained when adjustment is required 
under the tests given in (4) above. The. 
relay must energize fully at the voltage 

or current given under adjust-operate — 
conditions and not under adjust-nonop- | 
erate conditions. | 


448. Antenna Pedestal Repair 


a. The replacement of the circuit breakers 
mounted on the antenna pedestal requires no spe- } 
cial procedures except the complete removal of | 
all power input. Unless other means of discon- | 
nect were provided at the time of installation, it | 
will be necessary to have the power shut off at | 
the input to the site. Do not attempt to repair 
any circuit breakers. Figure 201 will assist in 
the location of the parts of the antenna pedestal. 

b. Repairs to relays N/K1008, N/K1009, and 
N/K1010 consist only of cleaning and adjust- | 
ment. Do not attempt the replacement of any 
integral parts. The contacts normally do not re- 
quire cleaning; however should it become neces- | 
sary, remove the threaded cap in the contact | 
block and burnish the normally closed (NC) con- | 
tacts (fig. 202) lightly with flat-blade Burnisher ’ 
TL-557/U. Clean the normally open (NO) con- | 
tacts by pea energizing the relay clapper. 


complete. relay Rete To adjust the conta 
pressures, complete the following steps: 


559/U behind the spring arm adjacent | 
to the contact. The amount of pressure” 
required to just open the contacts should’ 
be between 30 and 45 grams. : 
(2) If the NC contact pressure is not within, 
limits, remove the four block screws (fig. 


202) and disassemble the block and 
plate. Increase the contact pressure by 
bending the arm slightly past the center. 
Reassemble the block and plate, and re- 
check the pressure value. 

(3) To check the NO contacts, manually 
hold the relay clapper in the energized 
position. Insert the gram gage adjacent 
to the contact and measure the pressure 
required to just open the contacts. The 
pressure must be within the 30- to 50- 
gram limits. 

(4) To adjust the NO contact pressure, re- 
lease the clapper and place a .020- to 
.040-inch shim between the clapper and 
coil core (fig. 202). Bend the NO clap- 
per arm in small increments, remove the 
shim, manually energize the relay, and 
recheck the pressure. Repeat this proce- 
dure until 30 to 50 grams is obtained. 

(5) Check the relay backstop by holding the 
clapper against the back stop and meas- 
uring the clearance between the NO 
clapper arm and the NO pusher pin. 
This value should be .010 to .020 inch. 

(6) To adjust the back stop clearance, bend 
the back stop as required to obtain the 
correct NO pusher pin clearance. While 
holding the clapper against the stop, 
bend the NC clapper arm to obtain .010 
to .020 inch clearance between the clap- 
per arm and the NC pusher pin. 

(7) The grounding function of the contacts 
against the block is not critical and 
should be between 10 and 30 grams. 

(8) To adjust the grounding pressure of the 
NC contact, bend the NC clapper arm as 
required. Adjust the NO grounding 
pressure by disassembling the block and 
plate and bend the NO spring arm. Bend 
this arm at a point as close as possible 
to the NO coaxial connector receptacle. 
Always recheck procedures (1) through 
(6) above when grounding adjustments 
are made. 


449. Antenna AT—669/FRN—22 Repair 


a. General. The repairs to the antenna are 
| limited because of the complexity of the test 
facilities required to properly adjust the antenna 
after repair. Do not under any circumstances 
repair, remove, adjust or otherwise disturb any 
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Figure 201. Antenna pedestal. 


parts of the antenna or feed lines except as di- 
rected in the following paragraphs. The views 
of figures 39, 41, 42 and 48 illustrate the location 
of parts of the antenna for assistance during 
repairs. 

b. Radome Repair. Cracked or badly weath- 
ered radomes must be replaced. Only in extreme 
emergencies, when all possibilities have been ex- 
hausted to obtain a replacement, is it permissible 


319 


COIL 


4 BLOCK 
SCREWS 


CORE COIL 
TERMINAL 


CLAPPER LUGS 


NO 


PLUG 


PRESSURE CHECK COMMON PRESSURE CHECK — 

Nc COMMON NO POINT NO CONTACT CONTACT POINT NC CONTACT 
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PRESSURE PRESSURE (ENERGIZED) GROUNDING PRESSURE RESISTANCE VOLTAGE Gig 
30-45 GRAMS 30-50 GRAMS 15-25 GRAMS 


Figure 202. Relay adjustment data. 


to patch or otherwise repair a radome. Do not 
use compounds which contain any metal or con- 
ductive particles. When removing radomes, iden- 
tify them with the slot. Replace any defective 
gaskets and take all necessary precautions to 
make the joints weathertight. 

c. Coaxial Cable Replacement. Complete cable 
repair instructions are given in paragraphs 444 
and 445. Refer to figure 274 for assembly in- 
structions of cables to position them exactly as 
the original. Do not overtighten clamps. This 


procedure may damage the cable or jacket. 


Figure 204. 
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Antenna Group AN/FRA-14, bottom interior view. 


550 *10% OHMS | 80-95V AC] 
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d. Feeder Capacitor Replacement. Feeder ca 
pacitors Cl and C2 (fig. 48) are replaced by re- 
moving the two screws and spacers that hold. 
them to the antenna cylinder and replacing the 
complete capacitor assembly. Do not attempt 
internal repairs to these capacitors. Upon rein- 
stallation, loosen the dial lock and set the dial to_ 
the value shown in the chart shipped with the 
antenna. Be sure to lock the dial after setting 
and tighten the coaxial connectors. ; 

e. Heater Repair. Heater repairs consist of 
the repair of broken connections and wiring re-— 


TM215-250 


placement by standard procedures of good prac- 
tice. The replacement of a heater element will 
require the removal of the screws and clamps 
(fig. 208, contained in separate envelope) which 
fasten the heater element and connecting leads. 
The heater may then be manipulated into position 
to gain access to the connecting terminals. It is 
not necessary to remove or disturb any of the RF 
parts of the antenna during heater replacement. 
Be sure that connections made to the replacement 
heater element are tight, to avoid oveheating the 
connection. Be sure that the connections are ade- 
XVI quately insulated with tape to prevent shorts. 


450. Antenna Group AN/FRA-14 Repair 
No special procedures are required for repairs 
TM215-324 to the AN/FRA-14. Avoid disturbing the tuned 
circuit elements (L1/C1 in fig. 205). Figure 205 


Figure 205. Antenna Group AN/FRA-14, top interior Will be helpful in locating the component parts in 
view. the AN/FRA-14. 
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Figure 206. Audio Frequency Amplifier AM-1246/FRN-20, interior view. 
451. Audio Frequency Amplifier 452. Audio Frequency Amplifier 
AM-—1246/FRN—20 Repair AM-—1247/FRN-—20 Repair 
The AM-1246/FRN-20 has no unusual repair No special procedures are required to complete 
requirements. Figure 206 illustrates the correct repairs in the AM-1247 /FRN—20. Use figures 
part locations for replacement purposes. Adjust- 209 and 210 for parts location. 


ment data for relay G/S2 are shown in figure 
991. General instructions are given in paragraph 
500. 
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Figure 207. Audio Frequency Amplifier AM-1246/FRN-20, rear view. 
CONTACT CONTACT DEENERGIZED | ENERGIZED COIL PULL IN 
GAP OVERTRAVEL PRESSURE PRESSURE RESISTANCE VOLTAGE 
MIN MIN MIN MIN (OHMS) 


.O10 INCH .005 INCH I5 GRAMS | 20GRAMS | 250 +10% 6.9+1V DC 


ADJUSTMENT PROCEDURE PARAGRAPH: 447 b 


REFERENCE DESIGNATOR EQUIPMENT 
B/KI MODULATION ELIMINATOR MX-1843/FRN-20 
AUDIO FREQUENCY AMPLIFIER AM-1246/FRN-20 


G/S2 


S4 AND S5 POWER SUPPLY PP-133I/FRN-20 


PRESSURE 
MEASUREMENT POINT 


OUTER OUTER 
CONTACTS CONTACTS 
SPRING MEASURE COIL 


TERMINALS 


ANCHOR CONTACT GAP 


TM215-252 
Figure 208. Relay adjustment data. 
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453. Audio Frequency Oscillator 
O-371/FRN—20 Repair 


The O-371/FRN-20 has no unusual repair re- 
quirements. Figures 211, 212, and 213 illustrate 
the correct parts location for replacement pur- 
poses. Adjustment data for relay K901 are 
shown in figure 214. General instructions are 
given in paragraph 447. 


oss Rin cA ORIG RIOtC“‘ik@B!ORTO Ris c2 ORLY «AR. RECO? ORO 
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Figure 209. Audio Frequency Amplifier AM-1247/FRN-20, interior view. 
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Figure 210. Audio Frequency Amplifier AM-1247/FRN-20, rear view. 
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Figure 211. Audio Frequency Oscillator O-371/FRN-20, exterior view. 
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Figure 212. Audio Frequency Oscillator O-371/F RN-20, interior view. 5 
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Figure 213. Audio Frequency Oscillator O-371/FRN-20, rear view. 


CONTACT CONTACT CONTACT DEENERGIZED ENERGIZED COIL 


PULL IN 
GAP OVERTRAVEL PRESSURE PRESSURE RESISTANCE 
LOCATION MIN MIN MIN MIN (OHMS) VOLTAGE 


ADJUSTMENT PROCEDURE PARAGRAPH: 447 b 


REFERENCE DESIGNATOR EQUIPMENT 
eee KOI, AUDIO FREQUENCY OSCILLATOR | 0-371/7FRN-20 


OUTER 
CONTACT 


CENTER 
CONTACT 


PRESSURE 
MEASUREMENT CONTACT 
POINTS 


ADJUST 
CENTER 
MEASURE CONTACT 


SPRING 
ANCHOR 


TM215-255 
Figure 214. Relay adjustment data. 
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454. Audio Frequency Oscillator O-373/ 
FRN Repair 


No special procedures are required to complete 
repairs in the O-373/FRN. Use figures 215 and 
216 for part locations and standards of good 
workmanship for all part replacements. 


XF I LI RI G2.¢3 Cl Rid RS Re RNC? RIO RS Re Re 


Tw2is-256 


Figure 215. Audio Frequency Oscillator O-373/F RN, interior view. 
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Figure 216. Audio Frequency Oscillator O-373/FRN, rear view. 


455. Course Monitor MX—1837/FRN—20 
Repair 

a. General. ‘The monitor has no unusual repair 
procedures. Figures 217 through 220 have been 
provided to assist in parts location. Adjustment 
data for relays RY1 through RY5 are contained 
in figure 221 and should be coordinated with pro- 
cedures given in paragraph 447 as required. Spe- 
cific instructions for adjustment of relay RY5 are 
given in b below. i 
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Figure 217. Course Monitor MX-1837/FRN—-20, front view. 
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Figure 218. Course Monitor M X-1837/F RN-20 access door rear view. 
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Figure 219. Course Monitor MX-1837/FRN-20, rear view. 
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Figure 220. Course Monitor MX-1837/FRN-20, interior view. 


C45 c42 R84 C2l CI5 RIS RIO5 C56 RIO4 R85 R87 RO4 R20 R22 R28 R26 RIIS cé63 


RIOB R82 R83 RI7 R25 C55 RIOZ RIO2 C46 RBG ROB RIZ CIS R2I C22 R27 RING R23 
TM215-332 @ 


Figure 220—Continued. 
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Figure 220—Continued. 
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Figure 220—Continued. 
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Figure 220—Continued. 
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TM215-332 © 
Figure 220—Continued. 
| b. Relay RY5 Adjustment. Remove the plastic the charted value of figure 221. Adjust 
icover from relay RY5 and proceed as follows: the spring tension with the spring ad- 
| (1) Disconnect one lead to the relay coil justing screw to obtain correct pull-in. 
and measure the coil dc resistance with (3) Place a 0.002-inch thickness gage be- 
the multimeter. Compare the resistance tween the coil core and the armature and 
with the chart value in figure 221. energize the relay with 12 volts dc. Ad- 
(2) Connect a variable dc voltage source (0 Just the NO contact screw until the 
to 12 volts) to the coil of the relay. thickness gage is just free to slip out. 
Slowly increase the voltage until the re- Lock the contact and recheck the ad- 
lay energizes. Compare the voltage with justment. 
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(4) Deenergize the relay and measure the (5) Burnish the contacts lightly with Bur. 


- 
= 


gap between the NO contacts. Adjust nisher TL-557/U as required. Recon- | 
the NC contact screw to obtain the 0.015- nect the relay and install the plastic 
inch gap specified in the chart of figure cover. i 
221. 
LEFT SIDE 5 RIGHT SIDE 1 
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Hibs = ab e| 
ud 
a | 
: 


007 
003 
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ADJUSTMENT PROCEDURE PARAGRAPH : 
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Figure 221. Relay adjustment data. 
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Figure 221—Continued. 
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ENERGIZED NO 
ARMATURE CONTACT 
GAP GAP 


REFERENCE DESIGNATOR 


e002 INCH e015 INCH 300 +2% 


ADJUSTMENT PROCEDURE PARAGRAPH: 455 b 
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Figure 221—Continued. 


F501 T502 O50! O 502 


‘4504 1503 —§ 550) 


he 

‘ 

TM215-333(3) ¥ 

v 

TS50| 1 502 CR50i  cREO? bf 
E501 ¥ 


J502 


J501 


TM215 -260 


Figure 222. Radio Set Control C-1739/F RN-20, top view. 


456. Electrical Equipment Cabinet 
CY—1826/FRN—20 and Radio Set 
Control C—-1739/FRN—20 Repair 


No unusual repair procedures are required in 
the remote control cabinet and the remote control 
unit. Figure 222 illustrates the parts of the re- 
mote control unit. Figure 223 contains the ad- 
justment data for relay O 501 to be used with 
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the procedure given in paragraph 447. Adjust- 
ment data for relay O 502 are shown in figure 
221 and the procedures are given in paragraph’ 
4556. Procedures for adjustment of dial I 501. 
are contained in TM 11-2103 which applies to | 
the dials and lever switches of the omnirange | 
set. Use figure 224 to aid in locating parts and” 
performing the adjustments described in TM: 
11-2103. ! 


CONTACT DEENERGIZED ENERGIZED COIL N 
LOCATION GAP OVERTRAVEL PRESSURE PRESSURE RESISTANCE foape 
MIN MIN MIN MIN (OHMS) 


CENTER e035 INCH . | 
OO5 INCH 10 GRAMS 15 GRAMS 1.8 t 10% 5.5 +.5V AC 
-OO05 INCH 10 GRAMS 15 GRAMS 


CONT ACT CONTACT 


OUTER e035 INCH 


ADJUSTMENT PROCEDURE PARAGRAPH: 447 b 
REFERENCE DESIGNATOR EQUIPMENT 


O 50! RADIO SET CONTROL C-1739/ FRN-20 


OUTER 
CONTACT 


COIL 
TERMINALS 


PRESSURE OUTER 
MEASUREMENT CONTACT 
POINTS 
ADJUST 
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MEASURE CONTACT 
CONTACT GAP 


GAP 


SPRING 
ANCHOR 
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Figure 223. Relay adjustment data. 
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Figure 224. Telephone dial parts locations. 
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457. Electrical Equipment Cabinet 
CY—1897/FRN—22 Repair 


No unusual repair procedures are required for 
the CY-1897/FRN-22. Use figure 225 for part 
identification during any repairs. 


TM215-334(@) 


Figure 225. Electrical Equipment Cabinet CY-1897/FRN-22, interior view. 
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458. Electrical Equipment Cabinet 
CY-—1899/FRN—22 Repair 
No unusual repair procedures are required 
for the CY-1899/FRN-22. Use figure 226 for 
part identification during repairs. 
So 
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HRIGO! — 
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Figure 226. Electrical Equipment Cabinet CY-1899/F RN-22, interior view. 
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Figure 226—Continued. 
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459. Electrical Equipment Cabinet 
CY—2274/FRN—22A Repair 


No unusual repair procedures are required for 
the CY-2274/FRN-22A. Use figure 227 for part 
identification during repairs. 
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Figure 227. Electrical Equipment Cabinet 
CY—-2274/FRN-22A, interior view. 
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Figure 227—Continued. 
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460. Electrical Goniometer GO—12/FRN—20 


Repair 
(figs. 228-231) 
a. General. Repairs to the goniometer gener- 


ally require no special procedures and are limited 
to parts replacements. Figures 228 through 231 
will assist in parts identification. Subparagraphs 
b and ¢ below contain specific instructions for 
replacement of the baluns and goniometer capac- 
itor. Do not attempt any individual repairs on 
the baluns or goniometer capacitor. 
b. Balun Replacements. 

(1) Removal. Refer to figure 231, contained 
in separate envelope, and remove the at- 
taching parts that fasten the chassis re- 
ceptacle (J3, J4,or J5). Remove the six 
screws that fasten the goniometer ca- 
pacitor cover. (First remove the plastic 
cover and dial lock assembly on goniom- 
eter with serial numbers 614 and above.) 
Unsolder the balun connections at ca- 
pacitor C17. Remove the nuts that 
fasten the balun to the capacitor housing 
and remove the balun. 


Jt J7 J6 F | J5 J4 


GROUND 
STRAP 


C15 


Vi Ci7 


(2) Installation. 


Form the new balun by 
hand to match the one removed. Do not 
use tools which will tend to kink-damage 
the replacement balun. The material 
used is soft and easily formed by hand 
pressure alone. Slip the balun into the 
capacitor housing and place the nut on 
fingertight. Install the chassis end in 
the chassis and fasten it with the four 
sets of attaching parts. Form the balun 
to avoid touching other parts and tighten 
the nut at the capacitor. Reconnect the 
leads and reinstall the cover plate. 


c. Capacitor Replacement. 
(1) Removal. Remove the cover plate from 


he 


(2) 


HI Ri? 


the capacitor housing, unsolder the leads 
from all baluns, and disconnect plug P1. 
Remove the drive belt and balun attach- 
ing nuts. Refer to figure 229 and re- 


move the six capacitor holddown screws. - 


Lift the capacitor-away from the baluns. 
Installation. Slip the baluns into the side 
of the capacitor housing; fasten the ca- 
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Figure 228. Electrical Goniometer GO-12/F RN-20, top view. 
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pacitor with the six screws and tighten reinstall the cover plate. Install the 


them. | (Be sure that the capacitor pulley drive belt and adjust it in accordance 
is in line with the motor pulley.) Secure with instructions given in paragraph 
the baluns with nuts and solder the leads 446. 


to capacitor C17. Connect plug P1 and 
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Figure 229. Electrical Goniometer GO-12/FRN-20, bottom view. 
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Figure 230. Electrical Goniometer GO-12/FRN-20, subchassis interior view. 
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461. Indicator Panel SB—830/FRN—22A 
Repair 


No unusual repair procedures are required for 
the meter panel. When meters and switches are 
to be replaced, refer to figures 232 and 233 to 
identify the parts. 


462. Keyer KY—175/FRN Repair 

a. General. No unusual repair procedures are 
required in the keyer. Figures 234, 235, and 236 
are provided to assist in parts identification and 
the location of fastening devices. Details for re- 
placing and coding the keyer and cycle wheels 


$1901 


MI90]1 


Mi902 


are contained in paragraph 42. Adjustment of 
switches $501 and $502 is given in b below. 

b. Switch S501 and S502 Adjustment. The in- 
structions and dimensions given in the following 
steps apply to either switch. 

(1) Rotate the keyer wheels, electrically or 


manually, until the switch roller drops 


into a breakout. The roller should just 
touch or have a maximum clearance of 
0.006 inch. 

(2) Measure the pressure required to just 
break the contacts which closed in (1) 
above. (Use Gram Gauge TL-559/U.) 


$1902 
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Figure 232. Indicator Panel SB—830/FRN-22A, front view. 
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Figure 233. Indicator Panel SB-830/FRN-22A, rear view. 


Figure 284. 


344 


“R502 
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Keyer KY-175/F RN, interior view. 


Adjust the roller arm and the contact to (4) Rotate the keyer wheels until the roller 


30 grams pressure by bending both arms is out of the breakout and check the 
until the pressure and roller clearance pressure required to just break the con- 
are correct. The roller arm should be tacts. (Use Gram Gauge TL-559/U.) 
straight between the contact and the The minimum pressure should be 30 
roller. grams. The contact gap of the contacts 
(3) Measure the gap of the open contacts just opened should be 0.016 +0.002 inch. 
((1) above) and adjust by bending the (5) Recheck and adjust the code and cycle 
open contact arm to obtain a gap of wheels as instructed in paragraph 42, 
0.016 0.002 inch. after adjusting the switches. 
KEYER GEARS $502 F501 
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Figure 235. Keyer KY-175/FRN, rear view. 
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Figure 236. Keyer KY-175/FRN, disk and switch adjustments. 
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463. Modulation Eliminator 
MX—1843/FRN—20 Repair 

No unusual repair procedures are required in 
the modulation eliminator. Figures 237 and 238 
will assist in parts identification; adjustment pro- 
cedures are contained in paragraph 46. Refer to 
figure 221 and paragraph 447 for data and de- 
tailed instructions for repairs to relay K1. 
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Figure 237. Modulation Eliminator MX-1843/FRN-20, interior view. 
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Figure 238. Modulation Eliminator MX-1834/FRN-20, rear view. 
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464. Power Supply PP—1329/FRN—20 
Repair 

Repairs to the PP-1329/FRN-20 consist of 
parts replacement and adjustment of relays 
K1401 and K1402. Figures 239 and 240 provide 
parts identification and location information. Use 
figure 241 and the procedures given in paragraph 
447 for adjustments of the relays. 
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Figure 239. Power Supply PP-1329/FRN-20, interior view. 
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Figure 240. Power Supply PP-1329/FRN-20, rear view. 
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ae 


CONTACT 


COUT RCT CONTACT DEENERGIZED | ENERGIZED COIL ieee 
LOCMRION GAP OVERTRAVEL PRESSURE PRESSURE RESISTANCE VOLTAGE 
MIN MIN MIN MIN (OHMS) 


CENTER ~030 INCH -O08 INCH 5 GRAMS 7 GRAMS 

+ ° a4 
OUTER -030 INCH -008 INCH 20 GRAMS 20 GRAMS A a Ore Ona ae 
ADJUSTMENT PROCEDURE PARAGRAPH: 447 b 


REFERENCE DESIGNATOR 
K140I KI402 


EQUIPMENT 
POWER SUPPLY PP-1|329/FRN-20 


OUTER 
CONTACT 
CENTER 
CONTACT 
COIL 
TERMINALS 
PRESSURE OUTER 
MEASUREMENT CONTACT 
POINTS 
ADJUST 
CENTER 
MEASURE CONTACT 
CONTACT GAP 
GAP 


SPRING 
ANCHOR 
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Figure 241. Relay adjustment data. 


465. Power Supply PP—1331/FRN—20 
Repair 

Repairs to the PP-1331/FRN-20 consist of 
parts replacement and adjustment of relays S4 
and S5. Figures 242 and 243 provide parts 
identification and location information. Use fig- 
ure 208 and the procedure given in paragraph 
447 for adjustment of the relays. 
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Figure 242. Power Supply PP-1331/FRN-20, interior view. 
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Figure 243. Power Supply PP-1331/FRN-20, rear vie. 
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466. Power Supply PP—1415/FRN—22 
Repair 
No special repair procedures are required for 


the PP-1415/FRN-22. Use figures 244 and 245 
for parts location and identification. 


467. Radio Set Control C—-1738/FRN—20 
Repair 


Repair procedures in the C-1738/FRN-20 con- 
sist of cleaning and adjustment of the relays, 


TBI201 


lever switches, dial, and minor switch K201. Use 
figures 246 and 247 for parts location and iden- 
tification. Figure 248 contains the necessary re- 
lay adjustment data; the procedures are con- 
tained in paragraph 447 and TM 11-2103. Use 
TM 11-2103 for reference in all lever switch re- 
pairs and TM 11-2103 and figure 294 for repairs 
to dial I 201. Figure 249 contains adjustment 
data on minor switch K201. Instructions for re- 
pairs to K201 are contained in TM 11-2103. 


XF 1202 TBI202 


TM215-276 


Figure 244. Power Supply PP-1415/FRN_—22, interior view. 
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Figure 245. Power Supply PP-1415/FRN-22, rear view. 
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Figure 246. Radio Set Control C—-1738/FRN-20, top view. 
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Figure 247. Radio Set Control C-1738/FRN-20, rear view. 
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Figure 248. Relay adjustment data. 
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Figure 248—Continued. 
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Figure 248—Continued. 
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Figure 248—Continued. 
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Figure 249. Minor switch adjustment data. 


359 


468. Radio Set Transfer Control 
C—1840/FRN—22 Repair 


a. General. Repairs to the C-1840/FRN-22 
consist of parts replacement, relay, minor switch, 
and sequence timer adjustments. Use figures 250 
and 251 for parts location and identification. In- 
structions for repair, replacement, and adjust- 
ment of the sequence timer (fig. 252) are given 
in 6 and ¢ below. Refer to figures 254 and 255, 
paragraph 447, and TM 11-2103 for all relay 
repair and adjustment procedures. Use figure 
256 and TM 11-2103 for minor switch K605 re- 
pairs and adjustments. 

b. Sequence Timer Replacement. Replacement 
parts for the sequence timer are not available; 
therefore, the complete assembly must be replaced 
when an individual part is defective. Unsolder 
the black motor leads at the terminal strip below 
the chassis (station 6, fig. 313) and disconnect 
the leads to the switches. Remove the four sets 
of attaching parts that fasten the timer to the 
chassis and carefully lift the timer off the chassis. 
Check and adjust the replacement timer as in- 
structed in ¢ below and install it. Use figure 313 
as a connection guide. 

c. Sequence Timer Adjustment. Sequence timer 
adjustment procedure is described below. Use 
figures 252 and 253 as references throughout the 
procedure. Do not attempt to adjust a timer 
with worn cams or arms; replace the complete 
timer. (Adjustments are made with the timer 
removed from the C-1738/FRN-20.) 


XF6OI R602 R6OI K604 K603 


(1) Manually rotate the cams until all switch 


arms are in a notch. Check the conti- 
nuity of all switches with the multimeter 
by operating the arms manually. 


(2) Connect the timer motor leads to a 


source of 115 volts 60 cps. Observe the 
operation and note that the switches op- 
erate (click) when the arm is approxi- 
mately three-quarters of the way out of 
the notch (fig. 253). To obtain the de- 
sired overtravel, loosen the two nuts on 
the end plate and shift the switches as 
required. 


(3) With the motor operating, time the 


width of each notch. Use a stop watch 
or a sweep second hand watch. Figure 
252 identifies the cams, and figure 253 
indicates the time between clicks. Ad- 
just the notch size by loosening the large 
nut which clamps the two cam halves 
together. 


Caution: Use a wrench on the set- 
screw side of the cam to avoid damage 
to the gear train when making adjust- 
ments. 


(4) When all cam notch widths have been 


checked and/or adjusted, check the se- 
quence of the cams in accordance with 
the time periods shown in figure 253. 
All timing is in relation to the START 
TIMING point of cam switch S601A. 


J602 


J601 K602 K601 
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Figure 250. Radio Set Transfer Control C-1840/F RN-22, interior view. 
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Figure 251. Radio Set Transfer Control C-1840/FRN-22, rear view. 


TIMER MOTOR S6OID S6OIC S60IB S6O0IA SWITCH POSITION 
LOCK NUTS 


TM2I5-— 281 


CAM D CAM C CAM B CAM A 


Figure 252. Radio Set Transfer Control C-1840/FRN-22, sequence timer. 
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(5) 


BACK 
PRESSURE 
MIN 


DS Se LC a ee a a 


ADJUSTMENT PROCEDURE PARAGRAPH: 


The starting point is best found by al- 
lowing the timer to run and noting the 
exact time when S601A arm drops into 
the notch. The switch arms should oper- 
ate the switches in the alphabetical order 
shown in figure 253. 

Adjustment of the sequence timing is 
made by loosening the two cam hub 
setscrews and shifting the complete cam 


GER Ss DE 


-O0OI5 TO .0O3 RESIDUAL 


(6) 


to the desired position in relation to the 
cam of switch S601A. Be sure that the 
cams are centered under the switch arms 
and that setscrews are secure after ad- 
justment. 

Reinstall the sequence timer and make 
connections as shown in figure 252. Final 
test for the C-1840/FRN-22 is given in 
chapter 6. 
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Figure 254. Relay adjustment data. 
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Figure 255. Relay adjustment data. 
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Figure 256. 
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469. Radio Transmitter T-573/FRN—20 
Repair 

No unusual repair procedures are required in 
the transmitter. Figures 257 through 260 illus- 
trate parts locations and figure 261 shows the cor- 
rect positions of the neutralizing capacitors. 
Alinement instructions are contained in section 
II of this chapter. Be extremely careful when 
repairing the transmitter; avoid damage to RF 
inductors. 


c2 C3 C22 8 c25 MI 3 c24 c20/c2i. 
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Figure 257. Radio Transmitter T-573/FRN-20, showing resistors. 
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Figure 258. Radio Transmitter T-573/FRN-20, showing capacitors. 
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Figure 259. Radio Transmitter T-573/FRN-20, rear view. 
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Figure 260. Radio Transmitter T-573/FRN-20, bottom view. 
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Figure 261. Radio Transmitter T-573/FRN-20, neutralizing capacitors. 
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470. Relay Assembly RE—247/FRN-22 
Repair 

Repairs to the RE-247/FRN-22 consist of 
standard procedures of good workmanship and 
the cleaning and adjustment of relays O 401, 
O 402, O 4038, and O 404. Figures 262 and 263 
illustrate the parts locations and figure 264 con- 
tains the relay adjustment data. Clean and ad- 
just the relays in accordance with instructions 
given in paragraph 447. 
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Figure 262. Relay Assembly RE-247/FRN—-22, top view. 
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Figure 263. Relay Assembly REH-247/F RN-22, rear view. 
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Figure 264. Relay adjustment data. 
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471. Relay Assembly RE—248/FRN—22 
Repair 

Repairs to the RE-248/FRN-22 consist of 
standard procedures of good workmanship and 
the cleaning and adjustment of relays O 301, 
O 302, and O 303 (fig. 265). Clean and adjust 
the relays in accordance with the instructions 
contained in paragraph 447. Adjustment data 
for relay O 301 are shown in figure 248, relay 
O 302 in figure 248 and relay O 303 in figure 267. 
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Figure 265. Relay Assembly RE-248/FRN-22, interior view. 
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Figure 266. Relay Assembly RE-248/FRN-22, rear view. 
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Figure 267. Relay adjustment data. 
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Figure 268. Voltage Regulator CN-358/FRN-22, front view. : 
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Figure 269. Voltage Regulator CN-358/FRN-22, rear view. 
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Figure 270. Voltage Regulator ON-358/F RN-22, subchassis interior view. 
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472. Aircraft Obstruction Marker Light 
MX—1919/FRN—22 Repair 


No unusual repair procedures are required for 
the obstruction light. To prevent moisture leak- 


11003 


E1004 


eons 


| XEI004 ——— 


age, replace gaskets whenever lamps are replaced. 
Figure 271 illustrates the obstruction light parts 
locations. 


Figure 271. Aircraft Obstruction Marker Light MX-1919/FRN-22. 


Section Il. ALINEMENT 


473. General 


Alinement procedures in this section are lim- 
ited because the majority of the components 
either do not require alinement or are alined as 
part of the complete omnirange set. Alternate 
procedures are indicated to provide alinement 
procedure for shops where components will be 
returned to stock after repair. 


474. Antenna AT—669/FRN—22 Alinement 


a. General. The antenna alinement consists of 
setting the antenna tuning adjustments as indi- 
cated in the chart accompanying the antenna and 
by the procedure described in paragraph 33. Ad- 
justment of capacitors C1 and C2 is described in 
b below, where final testing indicates an unbal- 
anced reflected power percentage (rpp) in the 
two variable carrier feed lines. 
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b. Adjustment of Capacitors C1 and C2. Do 
not attempt this adjustment if either variable 
feed line rpp is greater than 1 percent. Use the 
following procedures to obtain equal rpp in both 
feed lines below the 1 percent value. The test 
equipment indicated in paragraph 250 and the 
test setup given in paragraph 253 are used for 
this adjustment. 

(1) Connect coaxial cable W2 (fig. 16) and 
the antenna to the line wattmeter and 
measure the rpp (par. 253). Do the 
same for cable W4 and the antenna. 
Attempt to reduce the rpp of the higher 
cable by capacitor adjustment (capacitor 
C1 (fig. 48) for cable W2 and C2 for 
W4). Make a very slight adjustment of 
the appropriate capacitor and check to 
determine whether the rpp was lowered. 


(2) 


a pan a 


rs 
ng) 


If it increased, set the capacitor oppo- 
site the original setting. Be sure that 
the radomes are installed for all tests. 
If the rpp cannot be lowered by the 
method indicated in (2) above, adjust 
the capacitor concerned with the lower 
rpp in small increments to make the rpp 
values equal. Do not allow either rpp 
value to exceed 1 percent. 


(3 
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475. Antenna Group AN/FRA-14 
Alinement 


Alinement procedure for the AN/FRA-14 is 
given in paragraph 43. Because of the simplicity 
of the AN/FRA-14 and its operating characteris- 
tics, no other method is considered practicable. 


476. Course Monitor MX—1837/FRN—20 
Alinement 


The alinement and adjustment procedure con- 
tained in paragraph 50 is used for the monitor 
after repair when the monitor is to be returned 
to the omnirange set. The bench test setup of 
figure 179 may be made with the procedure given 
in paragraph 50. Do not attempt any adjustment 
of capacitor C2 in the reference carrier filter. 


477. Electrical Goniometer GO—12/FRN—20 
Alinement 


a. General. Alinement of the goniometer con- 
sists of adjustments to the subcarrier subchassis 
only. Refer to paragraph 326 for test equipment 
requirements and to paragraph 329 for the equip- 
ment connections. Figure 230 illustrates the ad- 


justment locations referred to in the subpara- 
graphs below. 

b. Fixed Oscillator Alinement. Complete a 
frequency check as instructed in paragraph 333 
and adjust inductor Ll (fig. 243) to 190.04 ke 
+1 ke as indicated by the frequency meter. 
Gently tap the subchassis to insure that no change 
in frequency takes place with vibration. 

c. Swept Oscillator Adjustment. Complete a 
frequency check as instructed in paragraph 333 
with the azimuth plate set at 90°. Adjust in- 
ductor L2, (fig. 230) to obtain a frequency of 
200 ke +1 ke as indicated by the frequency meter. 
Check the frequency at 270° and adjust L2 to 
obtain a frequency within the plus or minus 
range of 1 ke at 90° and 270°. Gently tap the 
subchassis to check for stable frequency during 
vibration. 


478. Modulation Eliminator 
MX—1843/FRN—20 Alinement 


The modulation eliminator alinement is best 
performed while it is installed as part of the 
omnirange set. It may be accomplished by using 
the bench test setup indicated in paragraph 351. 
The adjustment of capacitor C7 is fully described 
in paragraph 46. 


479. Radio Transmitter T—-573/FRN—20 
Alinement 
Alinement of the transmitter is completely de- 
scribed in paragraph 39. The bench test setup 
instructions in paragraph 413 may be followed, 
together with the procedure described in para- 
graph 39. 
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CHAPTER 6 
FINAL TESTING 
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Section |. GENERAL 


480. Purpose of Final Testing 

The tests outlined in this chapter are designed 
to measure the performance capability of a re- 
paired component. Components that meet the 
minimum standards stated in the tests will fur- 
nish satisfactory operation, equivalent to that of 
new equipment. Final testing of the complete 
omnirange set is accomplished by completion of 
the test chart procedures shown in paragraph 
229. 


481. Test Equipment Required for Final 
Testing 
The test equipment required for final testing is 
the same as that listed for troubleshooting (par. 


230). The equipment to be used for final testing 
a specific component is described in the section 
assigned to that component. 


482. Test Setups for Final Testing 

Each final testing section contains a specific 
reference to the proper test setup to be used. Any 
test setup or operational condition which differs 


from that of the referenced material will be fully — 


explained in the section for the specific com- 
ponent. 


Section Il. ANTENNA AT—669/FRN—22 FINAL TESTING 


483. General 


Final testing of the antenna is based on the 
overall operation of the omnirange set as deter- 
mined by a flight check and reflected power per- 
centage measurements. All testing must be ac- 
complished at the omnirange site with the trans- 
mitting equipment that will be used to excite the 
antenna. The antenna tuning adjustments must 
be set in accordance with the procedure given in 
paragraph 33 and the chart shipped with the an- 
tenna. Do not use the values shown on the typi- 
cal tuning chart shown in figure 40. 

a. Test Equipment. The test equipment re- 
quired for final testing is the same as that listed 
for troubleshooting (par. 250). Refer to the ap- 
propriate technical manuals for instructions on 
the use of the test equipment. 

b. Test Setup. The test setup and procedure 
described in paragraph 253 are used to complete 
the antenna final testing procedure. Be sure that 
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both transmitting equipments are calibrated in © 
accordance with instructions contained in para- — 


graph 253a. 
484. Reflected Power Percentage Test 


Check the rpp of the antenna as directed below. ’ 
Rpp is to be calculated in accordance with in- 
structions contained in paragraph 2536 and with — 


the general test setup shown in figure 169. 


a. Disconnect each antenna feed line (W2, W4, — 


and W5 in fig. 16) at the antenna and connect it 
individually to the line wattmeter (A, fig. 169). 


b. Measure the rpp of the three coaxial feed 
The rpp of the feed lines should be less — 
than 1 percent and cables W2 and W4 balanced — 


lines. 


to within 14 of 1 percent. 


c. Measure the rpp with cables W2, W4, and | 
W5 as they are normally connected to the antenna — 


relays. Use the setup shown in figure 169, with 


the line wattmeter connected to the input recep- — 


ee ee a Ee 


po ek i! a ca ai 


ps 


tacles (N/J1003 through N/J1011) individually. 
Use the appropriate transmitter (equipment No. 
1 or No. 2) which normally feeds these recep- 
tacles. Rpp and balance must be the same as 
shown in 6 above. 


485. Fight Check 


Flight checks must be conducted by pilots who 
are experts in aircraft that is equipped with spe- 
cial receiving units having crystal-controlled fre- 
quency selectors that are calibrated as accurately 
as possible. Receiving equipment used should 
comply with current regulations set forth by the 
commanding officer. Three general categories of 
information are desired with respect to the omni- 
range set. They are course accuracy, course qual- 
ity (or flyability), and coverage. 

a. Course Accuracy. Bearing accuracy is most 
expeditiously checked by an orbital flight around 
the omnirange site. The plane must fly in a 
counterclockwise direction about the station at a 
fixed radius and record the azimuth indication at 
10° intervals. Wind velocity must be below 10 
knots and accurately located ground checkpoints 


used. The distance from the station to the air- 
craft must be at least 20 miles and the aircraft 
flown at a constant altitude and bank angle. The 
course accuracy must be within the tolerance of 
current regulations and specifications of the com- 
manding officer. 

b. Course Quality (Flyability). These checks 
include course width, course sensitivity, radial 
flyability (course roughness, scalloping, and 
bends), and attitude. In these checks, the degree 
of error may not be as important as the rate of 
change. Courses must comply with current regu- 
lations and specifications of the commanding 
officer. 

c. Coverage. Coverage flight checks must be 
made at the minimum altitude specified in current 
regulations and specifications of the commanding 
officer. These checks will reflect the distance at 
which minimum altitudes will produce accurate 
navigational information. 

d. Records. Record all information obtained 
by flight checks for future use as required by cur- 
rent regulations and specifications of the com- 
manding officer. 


Section Ill. ANTENNA GROUP AN/FRA-14 FINAL TESTING 


486. General 

The signal output test must be accomplished 
with the AN/FRA-14 tuned and mounted in its 
normal operating position at the omnirange site. 
Two tests are required to check the performance: 
the V1 contact potential and the signal output. 

a. Test Equipment. The test equipment re- 
quired for final testing is the same as listed for 
troubleshooting (par. 257). Refer to the appro- 
priate technical manuals for instructions on the 
use of the test equipment. 

b. Test Setup. The test setup and procedures 
described in paragraph 259 are used to complete 
the AN/FRA-14 final testing. Be sure that both 
transmitting equipments are functioning prop- 
erly. 


487. Contact Potential Test 

a. Connect the AN/FRA-14 for normal opera- 
tion (fig. 16) but disconnect plug P9 from the 
monitor and connect the multimeter to plug P9. 


Set the multimeter FUNCTION switch to DI- 
RECT position, 2.5-volt range, and connect the 
positive test lead to the center pin of plug P9. 
Connect the negative test lead to the shell of P9. 

b. Place the interlock jumper plugs in inter- 
locks S801 and S802 of the CY-1897/FRN-22 
cabinet. Do not energize either transmitting 
equipment until instructed to do so (par. 488). 
(Circuit breaker N/K1003 must be closed and the 
monitor OFF at all times.) 

c. Measure the contact potential with the mul- 
timeter. The maximum voltage permissible is 
0.1 volt de. 


488. Signal Output Test 

a. Complete the procedures given in paragraph 
487. Use the vtvm ac probe and connect it as 
indicated in paragraph 487a. 

b. Energize equipment No. 1 and then No. 2 
and record the vtvm reading for each transmit- 
ting equipment. Both equipments must produce 
a signal output of 0.3 volt ac or more. 
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Section IV. AUDIO FREQUENCY AMPLIFIER AM—1246/FRN—20 FINAL TESTING 


489. General 

Final testing of the AM-1246/FRN-20 con- 
sists of continuity checks, overall gain measure- 
ment, distortion and noise measurements. 

a. Test Equipments. The test equipment re- 
quired for final testing is the same as that listed 
for troubleshooting (par. 265), with the addition 
of a spectrum analyzer. Use the technical man- 
uals listed in paragraph 265a for the remaining 
test equipments. 

b. Test Setup. The test setup and procedures 
described in paragraph 267 are used to complete 
the AM-1246/FRN-20 final testing. Be sure that 
the PP-1329/FRN-20 is functioning properly. 


490. Continuity Tests 

Complete the checks shown in the chart below. 
Use the multimeter for measurements. All ex- 
ternal connections and power must be removed 
during continuity checks. 


Test point terminals (fig. 206) Resistance (ohms) 


Zero. 
4,500 to 5,550. 


Ja DIMI EA CUCUMSSIS Soe 8 oe = = 
J4: pin: ane: enassismer eee). cf Se sts. 


J At ping Sian Gachassisees= == acer roes 6 = a 2, 

Jar pinys and chassiss S222 es oo 2 sae 2. 

J SeANCUCHASSISME EE ene eh Infinite. 
J4 pins 5 and 8 (R7 fully cew) _--------- 40 min. 
J4 pins 9 and 12°(S1 closed) _..-.-...-.- Zero. 


491. Gain Test 


Connect the AM-—1246/FRN-20 to the PP- 
1329/FRN-20 as instructed in paragraph 267. 
Maintain a constant 230-volt ac input during all 
tests. 

a. Set the AF oscillator for a 60-cps, 1.5-volt 
output and connect it as shown in figure 171. 
Measure the signal output with the AF vtvm 
across terminals A and C of J1401 in the PP- 
1329/FRN-20 (fig. 240). The value should be 
at least 115 volts ac with attenuator R1 (fig. 207) 
set fully clockwise. 

b. Rotate R1 fully counterclockwise with the 
same input indicated in a above; attenuation 
should be 40 db minimum. 


492. Distortion and Noise Test 

Connect the equipment as instructed in para- 
graph 491 and connect the spectrum analyzer 
across terminals A and C of J1401 (fig. 171). 
Supply a constant 230-volt ac input during all 
tests. 

a. Set the AF oscillator to 1,000 cps and 170 


TE he a ee on eS 


millivolts output. Distortion should be less than — 


5 percent with attenuator R1 fully clockwise. 


b. Use the same input connections as indicated 4 
in a above but with no signal input; the noise — 
should be 45 db below the level obtained with the — 


1,000-cps signal (a above). 


Section V. AUDIO FREQUENCY AMPLIFIER AM-1247/FRN—20 FINAL TESTING 


493. General 

Final testing of the AM-1247/FRN-20 con- 
sists of gain, distortion, noise, frequency response, 
and compression measurements. 

a. Test Equipment. Test equipment required 
for final testing is the same as that listed for 
troubleshooting (par. 276) with the addition of a 
spectrum analyzer. Use TM 11-5097 for the 
spectrum analyzer operating instructions, and the 
appropriate technical manuals listed in para- 
graph 276a for the remaining test equipments. 

b. Test Setup. The test setup and procedures 
described in paragraph 278 are used to complete 
the AM-1247/FRN-20 final testing. 


494. Gain Test 
Connect the AM-1247/FRN-20 as instructed in 
paragraph 279 and provide a constant source of 
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115 volts ac. Rotate gain control R1 (fig. 210) 
and compression control R16 to the fully clock- — 


wise position. 


a. Set the AF oscillator for 1,000 cps at —60 — 


db input to the AM-1247/FRN-20. The meas- 


ured gain across the load resistor (fig. 173) should — 


not be less than 60 db or greater than 75 db. 

b. With the AF oscillator set for 1,000 eps and 
with sufficient output to produce a 6-db amplifier 
output, the ac voltage between pins 1 and 3, and 
3 and 4 of receptacle J2 (fig. 210) should be 
within 5 percent of each other. 


495. Distortion and Noise Test 


Sty ee ee, ee 


Connect the AM-1247/FRN-20 as instructed — 
in paragraph 279 and provide a constant source © 
of 115 volts ac (gain control R1 and compression 


control R16 fully clockwise). 


a. Connect the spectrum analyzer across the 
load resistor (fig. 173) and measure the distor- 
tion at the AM-1247/FRN-20 output of 0 db, 
4 db, 8 db, and 10 db. Distortion should be less 
than 5 percent at all output levels. 

b. After compression control R16 adjustment 
(par. 497), measure the distortion at 0 db output 
level. Distortion should be less than 5 percent 
with R16 properly adjusted. 

ce. Adjust the AF oscillator for 0-db (1.73 volts 
ac) input to the AM-1247/FRN-20 at 1,000 cps. 
With no signal input, the noise level should be 
greater than 35 db below the level obtained with 
0-db input. 


496. Frequency Response Test 


Connect the AM-1247/FRN-20 as instructed 
in paragraph 279 and provide a constant source 
of 115 volts ac (gain control R1 in fig. 210 and 
compression control R16 fully clockwise). 

a. Set the AF oscillator for a 0-db output at 
1,000 cps, as measured with the AF vtvm across 
the load resistor. 


b. Check the output voltage at 250, 500, 750, 
2,000, 3,000, 4,000 and 5,000 cps. The output level 
should not vary more than +3 db from the 1,000- 
cps level. 

c. After compression control R16 adjustment 
(par. 497), recheck the frequency response as 
shown in 6 above. The output level should not 
vary more than +2 db from the 1,000-cps level. 


497. Compression Test 


Connect the AM-1247/FRN-20 as instructed 
in paragraph 279 and provide a constant source 
of 115 volts ac. 

a. Set the AF oscillator for 2 millivolts (1,000 
cps) input to the AN-1247/FRN-20. Adjust 
gain control R1 to produce a 3-db output level 
across the load resistor. 

6. Adjust compression control R16 (fig. 210) 
to reduce output to 0 db at 1,000 cps. 

c. Increase the AF oscillator output to 25 milli- 
volts; the AM-1247/FRN-20 output should not 
be greater than 6 db. 


Section VI. AUDIO FREQUENCY OSCILLATOR O-371/FRN—20 FINAL TESTING 


498. General 


Final testing of the O-371/FRN-20 consists of 
frequency range and stability, output, distortion, 
time delay, and continuity measurements. 

a. Test Equipment. Test equipment required 
for final testing is the same as that listed for 
troubleshooting (par. 286) with the addition of 
a spectrum analyzer. Use TM 11-5097 for the 
spectrum analyzer operating instructions, and the 
appropriate technical manuals listed in para- 
graph 286a for the remaining test equipments. 

b. Test Setup. The test setup in figure 179 
and procedures described in paragraph 290 are 
used to complete the O-371/F RN-20 final testing. 


499. Frequency Range and Stability Test 


Connect the O-371/FRN-20 as instructed in 
paragraph 290 and provide constant 115-volt and 
230-volt ac input sources. 

a. Connect the FR-67/U across the 500-ohm 
load resistor and measure the frequency with 
control R902 (fig. 212) at fully clockwise and 
counterclockwise positions. The minimum fre- 
quency range should be 49 to 61 cps inclusive. 

b. Vary the 230-volt ac power source between 


207 and 253 volts. The output frequency should 
not vary more than 0.1 cycle. 


500. Output Test 


Connect the O-371/FRN-20 as instructed in 
paragraph 290 and provide constant 115-volt and 
930-volt ac input sources. Set REGULATOR 
control R920 (fig. 212) to maximum counterclock- 
wise position and no variable ac voltage applied 
to pins 5 and 7 of J902 (fig. 175). 

a. Connect the AF vtvm across the 500-ohm 
load resistor. The audio output shall not be less 
than 1.25 volts ac. 

b. Rotate REGULATOR control R920 (fig. 
912) to fully clockwise position and apply 115 
volts ac to pins 5 and 7 of J902 (fig. 175). The 
hum level should be more than 40 db below the 
level indicated in a@ above. 

c. Adjust the voltage input to pins 5 and 7 of 
J902 to 95 volts ac, and set REGULATOR con- 
trol R902 for 1 volt de at test point E (fig. 175). 
The output voltage across the 500-ohm load re- 
sistor should be 1.25 volts ac. 

d. Adjust the voltage input to pins 5 and 7 
of J902 to 115 volts ac. The output voltage 
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across the 500-ohm load resistor should be 0.31 
to 0.56 volt ac. 

e. Adjust the voltage input to pins 5 and 7 of 
J902 to 130 volts ac. The output voltage across 
the 500-ohm load resistor should be 0.125 to 0.3875 
volt ac. 


501. Distortion Test 


Connect the O-371/FRN-20 as instructed in 
paragraph 289 and provide a constant source of 
115 volts and 230 volts ac. 

a. Connect the spectrum analyzer across the 
500-ohm load resistor (fig. 175). Connect the ac 
vtvm, set for —DC, between pin 2 or 7 of V906 
(fig. 211) and chassis. 

b. Measure the distortion at 50 and 60 cps fre- 
quencies with voltages between 0 and —15 volts 
de at pin 2 or 7 of V906 (voltage is varied by 


adjusting the ac voltage to pins 5 and 7 of J 902). bi 


The distortion should be less than 10 percent 
under all conditions. 


502. Time Delay and Continuity Test 


a. Connect a source of 115 volts ac to pins 8 
and 9 of receptacle J902 (fig. 213) with no other 
external power (115 volts and 230 volts ac) ap- 
plied. 


ceptacle J901 (fig. 213). 
be indicated. 

b. Observe the time on a stopwatch or sweep 
second hand watch and apply 115-volt ac power 
to pins 8 and 9 of J902. After an elapsed time 
of 51 to 69 seconds, thermal relay K902 (fig. 213) 
should operate and after shutting the power off, 
continuity should be indicated on the multimeter. 


No continuity should 


Section Vil. AUDIO FREQUENCY OSCILLATOR O-373/FRN FINAL TESTING 


503. General 

Final testing of the O-873/FRN consists of 
frequency, output, and waveform measurements. 

a. Test Equipment. Test equipment required 
for final testing is the same as that listed for 
troubleshooting (par. 297). Refer to the appro- 
priate technical manuals for instructions on the 
use of the test equipment. 

b. Test Setup. The test setup and procedures 
described in paragraph 290 are used to complete 
the O-3873/FRN final testing. 


504. Frequency Test 

a. Connect the O-373/FRN as instructed in 
paragraph 300 and provide a constant 115-volt 
uc power source. Connect the FR-67/U across 
the 500-ohm load resistor (fig. 177). Energize 
the O-373/FRN and allow time for stabilization. 

b. Measure the frequency with the FR-67/U. 
The output frequency should be 1,000 +100 eps. 


505. Output Test 


a. Connect the O-373/FRN as instructed in 
paragraph 299 and provide a constant source of 
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115 volts ac. Connect the af vtvm across the 500- 
ohm load resistor (fig. 177). : 
6. Adjust gain control R15 (fig. 216) for maxi- 


mum output; the audio output should not be less — 


than 6.8 volts nor greater than 12.1 volts ac. 


c. Adjust gain control R15 for an output of 2.9 — 
Remove shorting plug P1 from recep- — 
tacle J3 (fig. 215). Noise should not be less than — 


volts ac. 


40 db below the level obtained in 6 above. 


506. Distortion Test 


a. Connect the O-373/FRN as instructed in ~ 
paragraph 300 and provide a constant source of — 
115 volts ac. Adjust gain control R15 for a 2.9- — 


volt ac output. 


6. Connect the oscilloscope across the 500-ohm — 
load resistor (fig. 209) and set the horizontal — 


sweep frequency at approximately 500 eps for a 
display of two complete cycles. 


c. Increase the O-373/FRN output with gain % 
control R15, until the peaks begin to flatten. The 


output should not be less than 6.8 volts ac. 


Set the multimeter on the lowest resist- 
ance scale and connect it to pins 5 and 6 of re- — 


Section VIIl. COURSE MONITOR MX—1837/FRN—20 FINAL TESTING 


507. General 


Final testing of the monitor consists of signal 
voltage, phase shift, meter and phase comparator, 
alarm calibration, audio, and heat run tests. 

a. Test Equipment. Test equipment required 
for final testing the monitor is the same as listed 
for troubleshooting (par. 308). Refer to the ap- 
propriate technical manuals for instructions on 
the use of the test equipment. 

b. Test Setup. The test setup and procedures 
described in paragraph 310 are used to complete 
the monitor final testing. 

c. Preliminary Calibration. Connect the moni- 
tor as shown in figure 179 and complete the ad- 
justments specified in paragraphs 48 and 49. Use 
the vor modulator as a signal source adjusted for 
a minimum si~nal output of 0.5 volt as shown on 
the OUTPUT meter. Delete all references to 
dialing operations and substitute the signal from 
the vor modulator. Use the vtvm to measure the 
input level voltage. 


508. Signal Voltage Test 


a. Measure the voltage with the vtvm between 
pin 2 of output transformer T2 (fig. 219) and 
chassis. The voltage should be 30 +5 volts ac. 

b. Measure the voltage with the vtvm between 
pin 2 of output transformer T1 and chassis. The 
voltage should be 50 to 75 volts ac. 

c. Connect the Y INPUT of the oscilloscope 
across pin 2 of output transformer T1 and chassis. 
With the horizontal sweep set at 15 cps, the wave- 
form should be a pure 30-cps sine wave. Read- 
just capacitor C10 (fig. 219) if necessary. 


509. Phase Shift Test 


a. Connect the Y INPUT of the oscilloscope 
between the arm of PHASE ZERO control R72 
(fig. 218) and chassis. Connect the X INPUT 
of the oscilloscope to the 30-cycle REF output of 
the vor modulator. Adjust the oscilloscope for a 
suitable external sweep. 

b. Starting with position No. 1 on switch S4 
(fig. 219) and, PHASE ZERO control R72 cen- 
tered, rotate the PHASE ANGLE SELECTOR 


dial of the vor modulator to obtain an in-phase 
pattern (fig. 181). 

c. Observe the oscilloscope pattern for each 
position of switch S4 by the method described in 
b above; each position shall produce 18 +1° of 
phase shift through a full 360°. The extremes 
of rotation of control R72 should produce a phase 
shiftiot 22) 2°: 


Note. Small amplitude changes during the above steps 
are normal. 


510. Meter Deflection and Phase Comparator 
Test 


a. Set switch S4 (fig. 219) to position 5, center 
PHASE ZERO control R72 (fig. 217), and ro- 
tate the vor modulator PHASE ANGLE SE- 
LECTOR until the COURSE INDICATOR 
meter centers (approximately 0°). 

6. Rotate control R72 clockwise; meters M1 
and M2 should follow to the right. Rotate R72 
counterclockwise; both meter needles should fol- 
low to the left. Center the needles of both meters 
with control R72. 

c. Test the phase comparator balance adjust- 
ment in accordance with instructions given in 
paragraph 52. 


511. Monitor Alarm Test 


Perform the tests and check the adjustments 
of the alarm circuits in accordance with instruc- 
tions contained in paragraph 54. 


512. Calibration, Audio, and Heat Run Test 


a. Perform the tests and adjustments of the 
monitor calibration as instructed in paragraph 
53. 

b. Set the vor modulator to SPECIFIC SIG 
and 1,000 cycle, adjust the OUTPUT to 0.2 volt. 
The audio output at pins 3 and 4 of J2 (fig. 219) 
shall be at least 4 volts. 

c. After all tests prove satisfactory, set 
PHASE ZERO control R72 to exactly center the 
needles on meters M1 and M2. Allow the moni- 
tor to operate continuously for 24 hours and re- 
check all steps for radical changes. 
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Section IX. ELECTRICAL GONIOMETER GO-12/FRN—20 FINAL TESTING 


513. General 


Final testing of the goniometer consists of ca- 
pacitor phasing and output, motor and drive, and 
subcarrier output tests. The test equipment listed 
below is required for goniometer final testing. 


Test equipment 


Technical manual 


Common name 


Frequency Meter 
FR-67/U. 

Spectrum Analyzer 
TS-723A/U. 

Oscilloscope, DuMont, 
Type 2559A. 

Strobatac, General 
Radio Corp Model 
631. 

RF Wattmeter 
AN/URM-438A 
(2 required). 

Wattmeter Directional 
Thru-line (Bird 
Electronic Corp. 
Model 43). 


TM 11-2698__ 


TM 11-5097__ 


Frequency 
meter. 

Spectrum 
analyzer. 

Oscilloscope. 


Strobe light. 


Load wattmeter. 


Line wattmeter. 


514. Capacitor Phasing and Output Test 
a. Energize all equipment except goniometer 


average of the four maximums and equal within 
2 percent. 


515. Motor and Drive Test 


a. Apply 80 volts at 60 cps to goniometer recep- 
tacle J6 (fig. 228). The transmitter and the 
PP-1331/FRN-20 need not be energized; the 
motor must start and come up to synchronous 
speed (1,800 rpm, measured with the strobe light). 

b. Increase the motor voltage to 115 volts 60 
cps and observe the azimuth plate with the strobe 
light slightly above or below 1,800 rpm. (The 
plate will appear to rotate slowly.) No wobble 
should be present in the pulley or plate. 

c. The motor must rotate counterclockwise as 
viewed from the pulley end, and the belt must 
have approximately 1 inch of free vertical move- 
ment. 


516. Subcarrier Output Test 


a. Energize all of the equipment except goni- 
ometer motor C/B1 (fig. 228). Connect the input 
of the FR-67/U across the 1,000-ohm output re- 
sistor (B, fig. 182). Set the azimuth plate to the 
positions listed below and measure the frequency. 


motor C/B1 (fig. 228). Check the reflected power 
percentage (par. 2536) at 20° intervals around 
the goniometer azimuth plate (fig. 30). The rpp 
must be less than 1 percent throughout 360°. 

6. Rotate the azimuth plate to approximately 
45° and accurately locate the minimum output 
point as indicated on the load wattmeter con- 
nected to receptacle J5 (fig. 228). The azimuth 
plate shall indicate 45 +1°. Check the accuracy 
at 225° for the same tolerance. Locate the mini- 
mums on the load wattmeter connected to recep- 
tacle C/J3; minimums should occur at 135° and 
olpe stm: 

c. Rotate the azimuth plate to 0°, 90°, 180°, 
and 270°. The two load wattmeters must indi- 
cate the same rf output within 2 percent at all 
four points. 

d. Rotate the azimuth plate to 45°, 135°, 225°, 
and 315°. Maximums must not be less than 93 
percent of the power input to receptacle J4. The 
minimums must be less than 3.5 percent of the 
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Test Azimuth plate Frequency Tolerance 
(degrees) (eps) (eps) 
AU ee AOR 90°!" 9,960". 7) ae +50 
Bie ied bee els 270 9,960. Si2_ lage +50 
C.2Sihy Beare 0 | A plus 480______ +24 
Oe, ee. 180 | A minus 480____ +24 


Note Test A and B frequencies must not differ by more than 10 cps. 


6. Connect the spectrum analyzer across the 
1,000-ohm output resistor (B, fig. 182) and meas- 
ure the output voltage at 0°, 90°, and 180°. The 
voltage should be 0.4 to 0.75 volt ac. 

c. Measure the noise and distortion as in- 
structed in TM 11-5097 for the spectrum ana- 
lyzer. The noise shall be 40 db below normal out- 


put and distortion less than 5 percent (motor not — 


running). 

d. Apply 115 volts 60 cps to receptacle J6 
(fig. 228) and connect the oscilloscope across 
1,000-ohm load resistor (fig. 182). The ampli- 
tude modulation should not exceed 5 percent. 


Section X. KEYER KY-175/FRN FINAL TESTING 


517. General 


The final testing of the keyer consists of me- 
chanical and resistance tests. 

a. Test Hquipment. The multimeter is the only 
test equipment required for final testing. 

6. Test Setup. Connect a 115-volt 60-cps power 
source to keyer receptacle J501 (fig. 235) when 
operating tests are required. 


518. Mechanical Operating Test 


a. Inspect the cycle and code wheels (fig. 236) 
for the correct code setup as instructed in para- 
graph 42. 

6. Energize the keyer motor and check for 
smooth operation of the gear train and switches 
S501 and $502 (fig. 235). 

c. With the keyer motor running, check the 
resistance between terminals of terminal board 
TB501 listed in chart below. 


Function wheel Roller position Terminals Resistance 
(notch) (ohms) 
Cycles 202 ae50 3 Pigesto Frees 4-and 72..-| Zero. 
Cycles. 526.5 Outs re aes 4 and 7____| Infinite. 
CY Cle seas ONG oars Sew Y/ As i) VAST): 
Gyles YEN Ines ere oa 5 and 7___-| Infinite. 
Codewiesk uae bho aken. sarees 6 and 7___-| Zero. 
Code oki es Outices eel Gand 722 cl Infinite: 
Code sneer. vo. Out capes) Than 8 eae eros 
Codes 2s. #4 Lie eee 2 7 and 8____| Infinite. 


d. Measure the resistance between the termi- 
nals of TB501 listed below with the multimeter. 


Terminals Resistance (ohms) 


BAR 2 Peeve ee ee ee er ONS. (OMe Me 490 +10% 
PRTC UG eee ee” A A mae te) a 100 +10% 
SRILA Wille ies aah at Ae pe Uh een eee 390 +10% 


Section XI. MODULATION ELIMINATOR MX-—1843/FRN—20 FINAL TESTING 


519. General 


Final testing of the modulation eliminator con- 
sists of output modulation depth, output stability 
tests, and meter specifications. 

a. Test Equipment. Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 348). Refer to the appropriate techni- 
cal manuals for instructions on the use of the test 
equipment. 

6. Test Setup. The test setup and procedures 
described in paragraph 351 are used to complete 
the final testing. Be sure that the transmitting 
equipment used is operating properly. 


520. Output Modulation Depth Test 


Connect the equipment as shown in figure 184 
and adjust the transmitter output to 40 watts. 
Set the transmitter MODULATION GAIN con- 
trol fully clockwise and set the AF oscillator out- 
put to provide 50 percent modulation of the 
transmitter. Connect the oscilloscope to trans- 
mitter receptacle J3 (fig. 257). 

a. Set SIDE BAND LEVEL control R9 (fig. 
31) to produce a 3-watt output from receptacle 
J3 of the modulation eliminator. Amplitude mod- 
ulation in the output of the modulation elimi- 


nator should not exceed 5 percent when the modu- 
lating frequency is varied between 50 and 10,000 
cps (transmitter modulation 50 percent). 

6. Reduce the AF oscillator output to zero. 
The hum and noise modulation of the modulation 
eliminator output should not exceed 1.5 percent. 


521. Output Stability Test 


a. Adjust the transmitter to provide 40 watts 
to the modulation eliminator with the MODU- 
LATION GAIN control fully clockwise, and the 
transmitter modulated with 10 ke to a 50-percent 
modulation level. 

b. Rotate SIDE BAND LEVEL control R9 
(fig. 31) and the transmitter MODULATION 
GAIN control (fig. 36) fully counterclockwise. 
Record the modulation eliminator output power 
level (number of divisions of vertical oscilloscope 
deflection). Rotate the transmitter MODULA- 
TION GAIN control fully clockwise and record 
the modulation eliminator output power level. 

c. Compute the carrier power level shift as 
follows: 


Modulated (div) —Unmodulated (div) 


Unmodulated (div) 
=power level shift 
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Modulation eliminator power level should not 
shift more than 10 percent for modulation levels 


up to 50 percent. 


d. Repeat procedures given in 6 and c above 
with SIDE BAND LEVEL control R9 (fig. 31) 
at fully clockwise position. The modulation elim- 
inator power level should not shift more than 10 
percent for modulation levels up to 50 percent. 


522. Meter Specifications 


Adjust the transmitter to provide 40-watt input 
to the modulation eliminator, modulated to 50 
percent: with 10-ke audio. Adjust R9 to produce 
a 3-watt output from the modulation eliminator. 
Observe the following meter M1 (fig. 81) indica- 
tions: LIMITER CATHODE less than 45 ma, 
FINAL AMP PLATE less than 115 ma, DIODE 
LEVEL less than 40 volts. 


Section XI]. POWER SUPPLY PP—1329/FRN—20 FINAL TESTING 


523. General 


Final testing of the PP-1329/FRN-20 consists 
of resistance, time delay tests, and voltage meas- 
urements. 

a. Test Equipment. Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 357). Refer to the appropriate techni- 
cal manuals for instructions on the use of the test 
equipment. 

b. Test Setup. The test setup and procedures 
described in paragraph 360 are used to complete 
final testing. 


524. Resistance and Time Delay Test 


a. With all external connections removed, make 
the resistance measurements listed in following 
table with the multimeter. 
must be +10 percent. 

b. Complete the test setup connections shown 
in figure 186. Note the time and apply 115 and 
230 volts ac. After 30 seconds (+20 percent), 
time delay relay S1401 (fig. 240) should operate. 


All resistance values 


Section XIll. 


526. General 


Final testing of the PP-1331/FRN-20 consists 
of resistance, time delay tests, and voltage meas- 
urements. 

a. Test Equipment. Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 366). Refer to the appropriate techni- 
cal manuals for instructions on the use of the 
test equipment. 

b. Test Setup. The test setup shown in figure 
195 and described in paragraph 413 is used to 
complete final testing. The transmitter is used 
as a load and must be functioning properly. 
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J1401 terminals (fig. 242) Resistance (ohms) 


H and chassis 2) ) eo) ae eee 0 
T and! chassistes. Sa Sa eee 0 
D andthe thee oe Ee ee eee 0. 5 
DD an Bcc ey ee ee eee 0. 4 
O and Ree ere ere 0. 5 
U and’ Vik 2. a eee Sa ee ee 500 
‘Asand! Briere h. Pri) (Oi sen casera 0. 
B and Coe ee a a eee ae 0. 
M and N (jumpers 5 and 7 of $1401)_--- 500 


or ol 


525. Voltage Test 


a. Measure the dc voltage between fuse F1411 @ 
(fig. 239) and chassis; the voltage should be 1,300 ; 
volts de +10 percent. Use a blocking capacitor 
(fig. 186) when measuring the ac ripple; it should — 
be less than 0.1 percent of the dc voltage meas- 
ured. | 

b. Measure the de voltage between fuse F1410 — 
and chassis; the voltage should be 500 volts de j 
+10 percent. Use a blocking capacitor (fig. 186) — 
when measuring ac ripple; it should be less than ~ 
0.1 percent of the de voltage measured. 


POWER SUPPLY PP—1331/FRN—20 FINAL TESTING 


527. Resistance and Time Delay Test 

a. With all external connections removed, — 
measure the resistances listed below with the — 
multimeter. y 


TB1 terminals (fig. 243) Resistance (ohms) 


Ovand. CHASSIS... ee eee 
TOvand. Chassis. 2.2 eee 
90end chassisn . 22 eee eee 


sh 
bs / dra _— 


TBI terminals (fig, 243) Resistance (ohms) 


Ee ee 0 
“ee? oo Ave at pe ima ele ae a ae ean 0 
Avail G4). <A ESE eae ee ee ee (0) 
14 and 28 (S1 (fig. 242) closed)_________ 0 
13 and 25 (S2 (fig. 242) closed, F2 in- 

SNe) Stee ee Oop Ree ee og ea 0: 
15 and 24 (S82 closed, F1 installed)______ 0 


6. With 115 volts 60 cps applied and switch 
S2 closed, time delay relay S3 (fig. 248) should 
operate 30 seconds (+20 percent) after power is 
applied. 


528. Voltage Test 


The unloaded and loaded test notations pertain 
to the transmitter wnkeyed and keyed conditions 
respectively. 

a. With the transmitter keyed, the voltage at 
terminal E1 (fig. 243) should be 500 volts de or 


more. The ripple voltage should be less than 0.5 
percent of the measured de voltage. (Use the 
blocking capacitor when measuring the ac ripple 
voltage.) 

6. With the transmitter keyed, the voltage 
measured at terminal 7 of terminal board TB1 
(fig. 243) should be 225 volts ‘de or more. The 
ripple voltage should be less than 2 percent of 
measured de voltage. (Use the blocking capaci- 
tor when measuring the ac ripple voltage.) 

c. The final amplifier bias (terminal 11 of 
TB1) should be —50 +10 volts de unloaded, and 
—75 +10 volts de loaded. 

d. The modulator bias (terminal 12 of TB1) 
should be —100 volts de +10 percent unloaded 
and —25 volts de +10 percent loaded. The mod- 
ulator bias is set by R5 (fig. 242). 

é. The voltage at terminal 26 of TB1 should 
be 12 volts de unloaded. Voltage loaded should 
be 10 to 12 volts de. This voltage is adjusted by 
varying R9 (fig. 243). 


Section XIV. POWER SUPPLY PP—1415/FRN-—22 FINAL TESTING 


529. General 


Final testing of the PP-1415/FRN-22 consists 
of output voltage measurements at selected tap 
settings. 

a. Test Equipment. Test equipment required 
is the same ag that listed for troubleshooting 
(par. 376). Refer to the appropriate technical 
manuals for instructions on the use of the test 
equipment. 

6. Test Setup. The test setup and procedures 
described in paragraph 379 are used to complete 
final testing. 


530. Output Voltage Test 
Connect the PP-1415/FRN-22 as shown in 


Section XV. RADIO SET CONTROL 


531. General 


Final testing of the remote control unit con- 
sists of operation and continuity measurements. 

a. Test Kquipment. Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 384). Refer to the appropriate tech- 
nical manuals for instructions on the use of the 
test equipment. 


figure 190 and provide a constant source of 115 
volts 60 cps input. Measure the output voltage 
at terminals 1 and 2 of TB1202 (fig. 244) with 
the multimeter; use the tap positions of terminal 
board TB1201 listed below. Adjust the load re- 
sistor (fig. 190) to maintain a constant output 
current of 3.5 amperes dc at all tap positions. 


Tap position Output (volts dc) 


iL Stee nope UL NL pV CR LO a Mh Raden 4 ort More than 17. 
Ful Bee cee NEE ee 9 a More than 14.5. 
Se RE EGE Rea Wim ee ae. SE Aa ees ys BS More than 12. 
ZN ASHIS S92 ck BPs Ch, SEL MORR ome ny More than 10.5. 


C—1739/FRN—20 FINAL TESTING 


b. Test Setup. The test setup and procedures 
described in paragraph 387 are used to complete 


the final testing. 


532. Testing Procedures 


Complete the tests described in paragraph 388a 
and 6 in the order listed. Omit the procedures in 
paragraph 388c. 
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Section XVI. RADIO SET CONTROL C—1738/FRN—20 FINAL TESTING 


533. General 


Final testing of the C-1738/FRN-20 consists 
of operation and continuity measurements. 

a. Test Equipment. Test equipment for final 
testing is‘the same as that listed for troubleshoot- 
ing (par. 393). Refer to the appropriate tech- 
nical manuals for instructions on the use of the 
test equipment. 


b. Test Setup. The test setup and procedures 
described in paragraph 395 are used to complete 
the final testing. 


534. Testing Procedures 


Complete the tests described in paragraph 397a 
and } in the order listed. Omit the procedures 
in paragraph 397. 


Section XVII. RADIO SET TRANSFER CONTROL C-—1840/FRN—22 FINAL TESTING 


535. General 


Final testing of the C-1840/FRN-22 consists 
of operation and continuity measurements. 

a. Test Equipment. Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 402). Refer to the appropriate techni- 
cal manuals for instructions on the use of the test 
equipment. 


b. Test Setup. The test setup and procedures 
described in paragraph 405 are used to complete 
the final testing. 


536. Testing Procedures 


Complete the tests described in paragraph 406a 
and 6 in the order listed. Omit the procedures 
in paragraph 406c. 


Section XVIII. RADIO TRANSMITTER T—573/FRN—20 FINAL TESTING 


537. General 


Final testing of the transmitter consists of out- 
put, meter specifications, modulation, and stabil- 
ity measurements. 

a. Test Equipment. Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 410), with the addition of the spectrum 
analyzer. Refer to the appropriate technical 
manuals for instructions on the use of the test 
equipment (the spectrum analyzer manual is TM 
11-5097). 

b. Test Setup. The test setup and procedures 
described in paragraph 413 are used to complete 
final testing. Be sure that the PP-1331/FRN-20 
is functioning properly and that the transmitter 
is tuned in accordance with instructions in para- 
graph 39. 


538. Output Test 


Connect the transmitter as shown in figure 195 
to a source of 115 volts 60 cps. Adjust EXCI- 
TATION CONTROL R8 (fig. 36) for exactly 
10 ma on the meter with the meter switch set to 
FINAL AMP GRID. Set the modulation to 100 
percent with a 1,000-cps input signal and the 
MODULATION GAIN control fully clockwise. 
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a. The transmitter power output should not be 
less than 50 nor more than 60 watts. The audio 
input to the modulator should not exceed .5 volt 
ac. 

b. The front panel meter indications listed be- 
low are maximum values in milliamperes. 


Switch S2 position Meter reading 


OSC PDA BRN a) 22s sek ere eee 15 
ISTYAMP*GRID!: BAe te eee eee 2 
1S A MURS PAG AG Hy er 40 
IND AM POGRED: 2 eee ee ee ee 4 
2ND AMP PLATE. 324). 2656722 60 
FINAL JAM BPAGRIED Ae eee eee 10 (exact) 
FIN A BeANER SC RING Qe eee 30 
PUN AL ARE DO SA eee 225 
MOD TOTAL (unmodulated)-_-_--_------ oD 
MOD’ TOTAL (modulated) ____-------- 225 


539. Modulation and Stability Test 


Connect the transmitter as shown in figure 195 
to a source of 115 volts 60 cps. Adjust EXCI- 
TATION CONTROL R8 (fig. 36) for exactly 
10 ma on the meter with the meter switch set to 
FINAL AMP GRID, and the MODULATION 
GAIN control fully clockwise. 


ee ee 


a. Measure the audio voltage required to main- 
tain 100 percent modulation from 250 to 11,000 
eps. The input required should not exceed 0.5 
volt ac. 

6. The audio input required to maintain 100 
percent modulation should not vary more than 4 
db in the frequency range of 500 to 700 cps. 

c. The audio input required to maintain 100 
percent modulation should not exceed 0.2 db 
in the frequency range of 9,000 to 11,000 eps. 

d. The noise and hum level should be at least 


40 db below the level required for 100 percent 
modulation at 1,000 cps. 

e. Distortion should not exceed 10 percent at 
1,000 cps with modulation set at 90 percent. 
Measure distortion with the spectrum analyzer 
connected to transmitter test receptacle J3 (fig. 
257). 

f. The transmitter output frequency should be 
+.01 percent of the assigned frequency as meas- 
ured with the AN/URM-332. 


Section XIX. RELAY ASSEMBLY RE—247/FRN—22 FINAL TESTING 


540. General 


Final testing of the RE-247/FRN-22 consists 
of continuity tests by voltage and continuity 
methods. 

a. Test Equipment. Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 421). Refer to the appropriate techni- 
cal manual for instructions on the use of the test 
equipment. 

b. Test Setup. The test set up (fig. 197) and 
procedures described in paragraph 423 are used 
to complete final testing. 


541. Testing Procedures 


Apply 115 volts ac to receptacles J403 and J404 
(fig. 263) continuously unless otherwise in- 
structed. 

a. Adjust the 12-volt de power supply to apply 
9 volts de to pins 2 and 3 of receptacle J401 (fig. 
262) with switch S401 in the 460A position. Re- 
lay O 401 should be energized; there should be 
continuity between pins 9 and 10 of receptacle 
J402 and 115 volts ac between pins 3 and 4 of 
J 402. 


6. Move switch $401 to TEST position, S402 
to ON, S403 to 460A, and S404 to OFF. Relays 
O 401 and O 402 should energize when 9 volts de 
is applied to terminals 1 and 2 of receptacle J401, 
and 115 volts ac should be measured between pins 
1 and 2 of J402. 

c. Set S401 to 460A, S402 to OFF; relay O 
402 should energize when 9 volts dc is applied to 
pins 2 and 4 of J40i. 

d. Apply 9 volts de to pins 2 and 5 of recep- 
tacle J401; relay O 403 should energize; there 
should be continuity between pins 11 and 12 of 
J402, and 115 volts ac between pins 7 and 8 of 
3402. 

é. Set switch $403 to the TEST position, and 
5404 to ON; apply 9 volts de to pins 1 and 2 of 
receptacle J401. Relays O 403 and O 404 should 
energize, and 115 volts ac should be measured 
between pins 5 and 6 of J402. 

f. Set switch $403 to the 460A position, and 
S404 to OFF. Apply 9 volts de to pins 1 and 6 
of J401; relay O 404 should energize. 


Section XX. RELAY ASSEMBLY RE—248/FRN—22 FINAL TESTING 


542. General 


Final testing of the RE-248/FRN-22 consists 
of continuity checks by voltage and continuity 
methods. 

a. Test Equipment. ‘Test equipment for final 
testing is the same as that listed for troubleshoot- 
ing (par. 428). Refer to the appropriate techni- 
cal manual for instructions on the use of the test 
equipment. 

b. Test Setup. The test setup and procedures 
described in paragraph 431 are used to complete 
final testing. 


543. Testing Procedures 


Connect the fabricated cables (fig. 198) to re- 
ceptacles J301, J303, and J304 (fig. 278) and 
adjust the de power supply to provide an output 
voltage of 9.5 volts de. 

a. Apply 9.5 volts de to pins 8 and 24 of re- 
ceptacle J301 (fig. 266) ; relay O 301 should ener- 
gize and continuity should be indicated between 
the following pins of receptacle J301: 1 and 19, 
8 and 238, and 21 and 24. 

b. Apply 9.5 volts de across pins 17 and 18 of 
receptacle J301; relay O 302 should energize and 
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continuity should be indicated between the fol- 
lowing pins of receptacle J301: 1 and 2, 1 and 7, 
and 16 and 24. Continuity should also be indi- 
cated between pin 24 and J 301 and pin 5 of J303. 

c. Apply 9.5 volts de across pins 5 and 22 of 
receptacle J301; relay O 303 should energize and 
continuity should be indicated between the pins 
listed below. 


Receptacle J301 Receptacle and pin 


Pin 132222525... Jae are oe ee | J304 pin 1. 
Pinl 2s 2k ees oe easier apne mayen ax ge oy J305 pin 2. 
Pisi hlcoey 3 cepa, ee ese Soe Ae J304 pin 3. 
Pin Oso Vee a Epes 2 gi J304 pin 4. 
Jee tA Ob NE A) BE Ch ee eee ae J304 pin 5. 
PiniOe ss erupt me neenny Cn Oe J304 pin 6. 


d. Apply 9.5 volts de across pin 5 of receptacle 
J301 and pin 7 of J302; relay O 303 energizes 
and deenergizes when switch S301 is positioned 
ON and OFF. 

e. Disconnect the de power supply and check 
continuity between the pairs of test points listed 
below. 


Test point one Test point two 


J30L pin LOE Pe esis Lote. eek and J301 pin 20. 
J301 pinvlOsce See ows soee tar es and J301 pin 24. 
J3Q0L, pinglise jee Supes - eee Se and J303 pin 1. 
J301] pineal eee oe eas and J303 pin 2. 
J30O1 pin see eee eee ee and J303 pin 3. 
FSO 1 pire LO es a ee eee and J303 pin 4. 
J3OR Dini, OER eee ae men eee eee and J303 pin 5. 
S30 pIMtG? SUES Bees es and J303 pin 6. 


Section XXI. VOLTAGE REGULATOR CN-—358/FRN—22 FINAL TESTING 


544. General 


Final testing of the voltage regulator consists 
of a test of regulation under varying input volt- 
ages, and an output voltage range test. 

a. Test Equipment. Test equipment required 
for final testing is the same as that listed for 
troubleshooting (par. 436). Refer to the appro- 
priate technical manual for instructions on the 
use of the test equipment. 

b. Test Setup. ‘The test setup and procedure 
described in paragraph 439 are used to complete 
the final testing. Data are also included for final 
testing in the event that an ac load panel is made 
available for testing. 


545. Testing Procedures 


The complete omnirange set should be used for 
final testing unless an ac load panel is made 
available. 

a. With the voltage regulator connected as 
shown in figure 199, apply 230 volts 60 cps to ter- 
minals 1 and 2 of terminal board TB1 (fig. 269) 
and complete the following procedures: 

(1) Dial 10 on the C-17388/FRN-20 and 
turn off the monitor. Adjust OUTPUT 
VOLTAGE CONTROL R12 (fig. 268) 
to both extremes. The voltage should 
vary between 220 and 240 volts as indi- 
cated on meter M1. 

Set R12 for an indication on M1 of 
exactly 230 volts ac, dial 9 and note the 


(2 


— 
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voltage. Dial 8 and again note the volt- 
age. The voltage should be 230 volts 
ac +1 percent with no oscillating or 
hunting. 

(3) Vary the input voltage to the voltage 
regulator from 195 to 255 volts ac. The 
output should remain at 230 volts ac 
+1 percent. 

6. If an ac load panel is available, connect a 
195- to 255-volt, 60-cps source to terminals 1 and 
2 of terminal board TB1 and the load panel to 
terminals 3 and 4. Complete the following pro- 
cedures : 

(1) Apply a resistive load to cause 25 am- 
peres ac to flow, and adjust the voltage 
control to both extremes. The voltage 
range should be 220 to 240 volts ac or 
more, with 230 volts ac applied to the 
input. 

Adjust OUTPUT VOLTAGE CON- 
TROL R12 for exactly 230 volts ac out- 
put, vary the input voltage from 195 to 
255 volts ac. The output voltage should 
remain at 230 volts ac +1 percent (with 
25-ampere resistive load). 

Adjust OUTPUT VOLTAGE CON- 
TROL R12 for exactly 230 volts ac out- 
put with 230 volts input and a 25-am- 
pere resistive load. Vary the load be- 
tween 10 and 32 amperes; the output 
voltage should remain at 230 volts ac 
+1 percent. 


(2 


— 


(3 


~_— 


CHAPTER 7 
SHIPMENT AND LIMITED STORAGE AND DEMOLITION TO PREVENT ENEMY 


USE 


Section 1. SHIPMENT AND LIMITED STORAGE 


546. Disassembly of Equipment 


The following instructions are recommended as 
a guide for preparing Radio Transmitting Set 
AN/FRN-22A for shipment and storage: 


Warning: Turn off all circuit breakers at the 
antenna pedestal and disconnect powerline 
service to the omnirange site. 


a. Remote Control Site. 

(1) Disconnect cable W22 (fig. 16) from the 
115-volt ac source. Coil the cord and se- 
cure it inside the cabinet. 

(2) Disconnect the telephone line and ground 
wire from terminal board E501 (fig. 16). 

(3) Unplug the microphone and handset and 
remove the handset bracket. Remount 
the bracket inside the cabinet. 

b. Antenna Group AN/FRA-14. 

(1) Disconnect plugs P10 and P11 (fig. 16), 
remove the screws that fasten the AN/ 
FRA-14 to the pole, and remove it from 
the pole. Place the attaching parts in a 
bag and attach them to the AN/FRA- 
14. 

(2) Remove the antenna from the AN/ 
FRA-14 (fig. 9) and replace the nuts on 
the insulators and bracket. 

c. Cables. 


Warning: Be sure that the 230-volt ac line is 
deenergized at the entrance to the omnirange 
site. 


(1) In the CY-1897/FRN-22, disconnect 
plugs P401 and P9 (fig. 16) at the RE- 
247/FRN-22 and the monitor. 

(2) Disconnect the external control cabinet 
wiring at terminal boards TB801, TB- 
802, TB803, TB804, and TB805 (fig. 


IS 
ice) 
2 


(4 


— 


(6) 


(7) 


16). Remove the coupling nuts from 
the conduit fittings and remove the wir- 
ing from the CY-1897/FRN-22. 
Disconnect the external wiring to the 
CY-2274/FRN-22A at terminal boards 
TB1903, TB1904, TB1905, TB1906, TB- 
1907, TB1908, and TB1909. Disconnect 
wires from terminals E1901, E1902, 
E1905, E1906, and cabinet ground. 
Remove the conduit coupling nuts, con- 
duit and wiring from the cabinet. 
Disconnect coaxial cables W13, W14, 
and W15 (fig. 16) at the CY-1899/ 
FRN-22 (equipment No. 1) and at the 
antenna relay assembly. 

Disconnect coaxial cables W16, W177, 
and W18 at the CY -1899/FRN-22 
(equipment No. 2) and at the antenna 
relay assembly. 

Disconnect the external wiring to the 
CY-1899/FRN-22 No. 1 and No. 2 cabi- 
nets, and from terminal boards TB1801, 
TB1802, terminals E1801, E1802, and the 
cabinet ground (fig. 16). Remove the 
conduit coupling nuts and wiring from 
the cabinet. 


d. Removal of Components. 


(1) 


(2) 


(3) 


Disconnect all connectors and terminal 
boards of each component in all four 
cabinets (fig. 16). Be sure that the wir- 
ing is clear of the components. 
Remove the cabinet front trim strips 
and, starting with the uppermost com- 
ponent in each cabinet, remove the com- 
ponents. 

Disconnect the cabinet blower plugs and 
remove the plugs from the cords. Re- 
place the plug in the cabinet receptacles. 
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(4) Remove the blower assembly from the 
outside of the door (fig. 35), and rein- 
stall it on the inside of the door. 

(5) Remove the components and cabinets 
from the site to the storage area. 

e. Removal of Antenna AT-669/F RN-22. 

(1) Disconnect coaxial cables W2, W3, W4, 
and W5 from the antenna relay assem- 
bly. Disconnect the obstruction lights 
cable at circuit breaker K1006 and an- 
tenna heaters from circuit breaker K1002 
(fig. 16). Remove the wires from the 
circuit breaker box. 

(2) Loosen the locknuts and setscrews at the 
top of the pedestal (fig. 4). Remove the 
antenna carefully while an assistant 
guides the cables through the hole in the 
pedestal. Remove the obstruction lights 
lenses and bulbs. 

(3) Roll the cables and place them inside 
the antenna base tube. 

f. Shelter Disassembly. 

(1) Disconnect the shelter blower wiring and 
remove the blower and vent (figs. 6 and 
ro 

(2) Remove one half of the shelter roof at 
a time by removing the attaching parts 
at the wall first. Remove the roof stiff- 
eners (fig. 5). 


(3) Remove the wall sections, starting with 
the section to the left of the door and 
proceeding in a clockwise direction (figs. 
4 and 5). 

(4) Remove the pedestal and secure the ca- 
bles to the pedestal. Disassemble the 
shelter skid (fig. 3). 

(5) Remove the earth ground rod and under- 
ground cables. Clean and coil all ca- 
bling. 


547. Repacking for Shipment or Limited 
Storage 


a. The procedure for repackaging for shipment 
or limited storage depends on the available mate- 
rial and the conditions under which the equip- 
ment is to be shipped. The reverse order of the 
instruction In paragraph 3, and the information 
in figure 2 will serve as guides for repackaging. 
Appendix IT contains a complete table of pack- 
aging data. 

b. Whenever practicable, place a dehydrating 
agent, such as silica gel, inside the antenna and: 
seal the lower end. The same procedure may be 
used on all units by wrapping them in corrugated 
cardboard and sealing them in waterproof bar- 
rier paper. 


Section Il. DEMOLITION OF MATERIEL 


548. Authority for Demolition 


Demolition of the equipment will be accom- 
plished only upon the order of the commander. 
The destruction procedures outlined in paragraph 
549 will be used to prevent further use of the 
equipment. 


549. Methods of Destruction 


a. Smash. Smash controls, tubes, coils, 
switches, capacitors, motors, and meters; use 
sledges, axes, handaxes, pickaxes, hammers, or 
crowbars. 
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b. Cut. Cut all wiring and coaxial cables; use 
axes, handaxes, or machetes. 

c. Burn. Burn cords and technical manuals; 
use gasoline, kerosene, oil, flamethrowers, or in- 
cendiary grenades. 

d. Bend. Bend panels and cabinets. 

e. Hxplode. Place explosives inside the an- 
tenna; use firearms or TNT. 

f. Dispose. Bury or scatter the destroyed parts 
in slit trenches or foxholes, or throw them into 
streams. 
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3. TOLERANCE: YELLOW, +100%,—-20%. 


CERAMIC-GENERAL PURPOSE (CK) 


CAPACITOR COLOR CODE 


MULTIPLIER 


YELLOW 
GREEN 


PURPLE 
(VIOLET) 


NONE 


5 


GOLD 


| CHARACTERISTIC] TEMPERATURE 
SIG COEFFICIENT 

COLOR He NUMBER 
DECIMAL OF cm| cn] ce | cK 

ZEROS 


ees ele 


(UUF/UF/°C) 


a 


oy ee = hover MOUUr 
IOUUFIOR LESS 
20 


ZERO 


‘ 


i 
Ow 
° 


-150 


mac” 


0.5 


-470 


-330(+500) 


i 
at) 
ie) 
fo) 


|. LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. 


2. IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF !O UUF OR LESS. 
3. INTENDED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION. 
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Figure 272. 
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RESISTOR COLOR CODE MARKING 
(MIL-STD RESISTORS) 


RADIAL-LEAD RESISTORS 
(UNINSULATED) 


AXIAL-LEAD RESISTORS 
(INSULATED) 


a 
o 


ee, 
re76% 


50, 
2% 


BS 


ih 


™ 


TOLERANCE 

MULTIPLIER 

SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE 


RC-COMPOSITION 


rae 
yO 


AXA KOO 
505050 


MULTIPLIER 


SECOND SIGNIFICANT 
FIGURE 


FIRST SIGNIFICANT FIGURE 


(END) 
TOLERANCE 


(END) 
TOLERANCE 


(BODY) 


MULTIPLIER 
(DOT OR BAND) 


RZ-COMPOSITION 


(BODY) 


MULTIPLIER 
(DOT OR BAND) 


SECOND 
SIGNIFICANT 
FIGURE 


FIRST 
SIGNIFICANT 
FIGURE 


SECOND 
SIGNIFICANT 
FIGURE 


FIRST 
SIGNIFICANT 
FIGURE 


(DOUBLE WIDTH SIGNIFIES 
FIXED WIRE-WOUND 
RESISTORS) 


RU-WIRE- WOUND RZ-COMPOSITION 


RESISTOR COLOR CODE 


BAND D OR END* 


FIRST 
SIGNIFICANT 
FIGURE 


SECOND 
SIGNIFICANT 
FIGURE 


RESISTANCE 
TOLERANCE 
(PERCENT) 


COLOR 


BODY + 20 


I+ 
3° 


SILVER 


a 
a 


GOLD 


PURPLE 7 PURPLE ; 
(VIOLET) (VIOLET) 


~< 
m 
fe 
= 
(oe) 
= 
Oo 
(eo) 
fo} 
le} 


* FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH. 
WHEN BODY COLOR !IS THE SAME AS THE DOT (OR BAND) OR END COLOR, 
THE COLORS ARE DIFFERENTIATED BY SHADE, GLOSS, OR OTHER MEANS. 


EXAMPLES (BAND MARKING): EXAMPLES (BODY MARKING): 
10 OHMS +20 PERCENT: BROWN BAND A, BLACK BAND B, 10 OHMS +20 PERCENT: BROWN BODY; BLACK END; BLACK DOT 
BLACK BAND C; NO BAND D. OR BAND; BODY COLOR ON TOLERANCE END. 
4.7 OHMS +5 PERCENT: YELLOW BAND A; PURPLE BAND B, 3,000 OHMS tIO PERCENT: ORANGE BODY, BLACK END; RED DOT 
GOLD BAND C; GOLD BAND D. OR BAND, SILVER END. STD-RI 


Figure 273. MIL-STD resistor color code markings. 
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APPENDIX | 
REFERENCE DESIGNATIONS 


Following is a list. of references, together with designations that are explained in paragraph 1. 


1-99 Power Supply PP-1331/FRN-20 

A/1-A/99 Radio Transmitter T-573/FRN-20 

B/1-B/99 Modulation Eliminator MX-—1843/FRN-20 
C/1-C/99 Electrical Goniometer GO-12/FRN-20 
D/1-D/99 Antenna AT-669/FRN-22 

E/1-E/99 Audio Frequency Oscillator O-373/FRN 
F/1-F/99 Course Monitor MX-1837/FRN-20 

G/1-G/99 Audio Frequency Amplifier AM-1246/FRN-20 
H/1-H/99 Antenna Group AN/FRA-14 

J/1-J3/99 Audio Frequency Amplifier AM-1247/FRN-20 
K/1-K/99 Voltage Regulator CN-358/FRN-22 

Q/1-Q/99 Electrical Equipment. Cabinet CY-1826/FRN-20 
201-299 Radio Set Control C-1738/FRN-20 

301-399 Relay Assembly RE-248/FRN-22 

401-499 Relay Assembly RE-247/FRN-22 

501-599 Radio Set Control C-1739/FRN-20 
L/501-L/599 Keyer KY-175/FRN 

601-699 Radio Set Transfer Control C-1840/FRN-22 
801-899 Electrical Equipment Cabinet CY-1897/FRN-22 
901-999 Audio Frequency Oscillator O-371/FRN-20 
1001-1099 Aircraft Obstruction Marker Light MX-1919/FRN-22 


M/1001-M/1099 Propeller Ventilating Fan HD-244/FRN-22 
N/1001-N/1099 Antenna pedestal, part of Electrical Equipment Shelter S—120/F RN-22 


1201-1299 Power Supply PP-1415/FRN-22 

1401-1499 Power Supply PP-1329/FRN-20 

1801-1899 Electrical Equipment Cabinet CY-1899/FRN-22 
1901-1999 Indicator Panel SB-830/FRN-22A 


P/1901—P/1999 Electrical Equipment Cabinet CY-2274/FRN-22A 
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APPENDIX Il 
PACKAGING DATA 


Unit Contents of box 
Box No. Height | Width | Depth | Volume] weight 
(in.) (in.) (in.) (cu ft) (Ib) 


Quantity Item 


Electrical Equipment Cabinet C Y-1897/FRN-22 consisting of: 
Wired equipment cabinet. 
Blank panel (5% in. x 19 in. x % in.). 
Blank panel (3% in. x 19 in. x % in.). 
Handset mounting bracket. 
Trim strips. 
Envelope of speed nuts. 
Envelope of No. 10 x % in. sheet metal screws. 
Envelope of trim strip clips. 
Electrical lead (W23). 
Power cable assembly (W6, W9, W11, W12). 
Power cable assembly (W8). 
TM 11-5825-205-35. 
Electrical Equipment Cabinet C Y-1899/FRN-22 consisting of: 
Wired equipment cabinet. 
Blank panel (3% in. x 19 in. x % in.). 
Trim strips. 
Envelope of speed nuts. 
Envelope of No. 10 x % in. sheet metal screws. 
Envelope of trim strip clips. 
Electrical Equipment Cabinet C Y-1899/FRN-22 consisting of: 
Wired equipment cabinet. 
Blank panel (3% in. x 19 in. x % in.). 
Trim strips. 
Envelope of speed nuts. 
Envelope of No. 10 x % in. sheet metal screws. 
Envelope of trim strip clips. 
Electrical Equipment Cabinet C Y-2274/FRN-22A consisting 
of: 
Wired equipment cabinet. 
Blank panel (24%. in. x 19 in. x % in.). 
Blank panel (514 in. x 19 in. x % in.). 
Trim strips. 
Envelope of speed nuts. 
Envelope of No. 10 x % in. sheet metal screws. 
Envelope of trim strip clips. 
Indicator Panel SB-830/FRN-22A. 
Electrical Equipment Cabinet C Y-1826/FRN-20 consisting of: 
Equipment cabinet. 
Handset mounting bracket. 
Radio Set Control C-1739/FRN-20. 
Audio Frequency Amplifier AM-1247/FRN-20. 
Microphone head. 
Microphone stand. 
Handset (one handset is part of Electrical Equipment Cabinet 
CY-1897/FRN-22). 
Power cable assembly (W22). 
1 | Special-purpose cable assembly (W20). 
1 | Wiring harness (W21). 


Morel 97. 39 | 87 | 52 475 


2 Of (26... 27 39 87 | 52 475 


3 of 26_-- 27 39 87 | 52 475 


Le cee ce Sc ee OS No ee Se Ne 


2:01 26... 27 39 87 | 52 475 
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Box No. 


(aes? PAGS 


7 of 26 
8 of 26 
9 of 26 


10 of 26 


11 of 26 | 


12 of 26 


13 of 26 
14 of 26 
15 of 26 
16 of 26 
17 of 26 
18 of 26 
19 of 26 
20 of 26 


Pal, Gi PAS 


22 of 26 
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Height 
(in.) 


15 


16 
10 
26 


20 


19 


13 


13 
18 
18 
22 
22 
13 
13 
39 


61 
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APPENDIX II—Continued 


Unit 
(1b) 


142 


83 
46 
400 


165 


145 


90 


85 
176 
176 
275 
275 

83 
103 
344 


445 


Width | Depth | Volume| weight 
(in.) (in.) (cu ft) 
24 38 8 
GG 2A: 

16 25 745i 

24 135 | 49 
23 26 7 
22 34 8. 2 
24 26 4.3 
23 26 4.5 
27 34 | 10 
Paty 34 | 10 
ay SO ull 4e6 
32 36 | 14.6 
24 26 4.3 
24 26 4.3 
39 41 | 38 
8 118 | 33 
19 PAL | Part 


615 


Lontents of box 


Quantity 


Item 


et ae eed 


pt 


NOR RF RF NNR KF NNR KP RF EF DN NWNNNNNK NN HK KK EK dD 


Power Supply PP-1415/FRN-22. 

Radio Set Control C-1738/FRN-20. 

Radio Set Transfer Control C—1840/FRN-22. 
Relay Assembly RE-247/FRN-22. 

Relay Assembly RE-248/FRN-22. 

Course Monitor MX-1837/FRN-20. 

Audio Frequency Oscillator O-373/FRN. 


| Aircraft Obstruction Marker Light MX-1919/FRN-22 con- 


sisting of: 
Obstruction light fixture (mounted on Antenna AT-— 
669/FRN-22). 
Traffic signal bulb (100 watt). 
Red glass light lens. 
Antenna AT-669/FRN-22. 
Antenna Group AN/FRA-14 consisting of: 
Detector housing. 
Folded dipole antenna. 
Keyer K Y-175/FRN. 
Light bulb for antenna pedestal (100 watt). 
Voltage Regulator CN-358/FRN-22. 
Envelope of mounting hardware. 
Electrical Goniometer GO-12/FRN-20. 
Pulley wheel. 
Modulation Eliminator MX-1843/FRN-20. 
RF cable assembly (W1). 
Radio Transmitter T-573/FRN-—-20. 
Power Supply PP-1331/FRN-20. 
Power Supply PP-1331/FRN-20. 
Power Supply PP-1329/FRN-20. 
Power Supply PP-1329/FRN-20. 
Audio Frequency Oscillator O-371/FRN-20. 
Audio Frequency Amplifier AM-1246/FRN-26. 
Propeller Ventilating Fan H D-244/FRN-22 consisting of: 
Blower and housing. 
Louvered exhaust vents. 
Air filters. 
Upper mounting flange for blower housing. 
Bag of mounting hardware. 
Roll of rubber strip gasket. 
Roof section (part of Electrical Equipment Shelter S-120/ 
FRN-22). 
Plywood sections (part of Platform Skid MX-1918/FRN-22) 
consisting of: 
Plywood section %4 in. x 48 in. x 96 in. 
Plywood section %4 in. x 24 in. x 48 in. 
Plywood section % in. x 24 in. x 96 in. 
Plywood section % in. x 24 in. x 24 in. 
Precut wood building material (part of Platform Skid MX-— 
1918/FRN-22) consisting of: 
Side plate 2 in. x 10 in. x 120 in. 
Joist 2 in. x 8 in. x 116% in. 
Stringer 2 in. x 8 in. x 120 in. 
Runner 4 in. x 4 in. x 120 in. 
Spreader block 2 in. x 8 in. x 14% in. 
Spreader block 2 in. x 8 in. x 13%¢ in. 
Spreader block 2 in. x 8 in. x 9%e in. 
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APPENDIX [I—Continued 
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Unit Contents of box 
Box No. Height | Width | Depth | Volume] weight 

(in.) (in.) (in.) (cu ft) (Ib) 
Quantity Item 


23 of 26 43 62 84 |130 1 GOS. eee Shelter construction material (part of Electrical Equipmen 
Shelter S-120/FRN-22) consisting of: 
Wall sections. 
Roof stiffeners. 
Channel strips. 
Caulking gun. 
Tube of caulking compound. 
Ground rod (6 ft). 
Box of gasket material. 
Box of 4-13 x 1 in. bolts (100 in box). 
Box of 4-13 x % in. sq nuts (100 in box). 
Bag of 710 recessed washers and ring gaskets. 
Bag of % in. x 14 in. lag screws. 
Bag of %-16 x 1 in. bolts and nuts. 
Envelope of flat washers (%. in. id x 1% in. od). 
The following items are part of Platform Skid MX-1918/FRN- 
22: 
Angle bracket. 
Box of 44-13 x 3 in. bolts, nuts, and washers. 
Box of 10d nails. 
Box of 20d nails. 
24 of 26 ol 30 87 | 47 527 Antenns Pedestal (part of Electrical Equipment Shelter 
| S-120/FRN-22). 
25 of 26 D2 Ne eG Pot 4.8 80 RF cable assembly (W5). 
RF cable assembly (W7). 
Power cable assembly (W10). 
RF cable assembly (W13, W14, W15, W16, W17, W18). 
Branched wiring harness (W19). 
Oilcan (1 ounce). 
26 of 26 18 26 Pai (ee 75 Running spares. 


ell cell oll te ee i a a eo ont wor) 
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Total weight 7,506 
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GLOSSARY 


Section |. ABBREVIATIONS 


ac alternating current 
age automatic gain control 
amp ampere 

AWG American Wire Gage 


cont continue, continued 

cp cycles per second 

db decibel (0 db level is 1.78 volts across 
500 ohms) 

de direct current 

F Fahrenheit 

fm frequency modulation, or frequency 
modulated 

id inside diameter 

kva kilovolt-amperes 

lb pound (weight) 

ma milliamperes 

mc megacycles 

mcw modulated continuous wave 


Section Il. DEFINITIONS 


Alarm—An. indication by lights or buzzer of a 
malfunction of the omnirange equipment pre- 
venting transmission of the normal naviga- 
tional signal. 

Antenna loading—The amount of output power 
absorbed by the antenna as indicated by the 
final amplifier plate current. 

Antenna loading fins—Sheet metal strips at- 
tached to the edges of the four antenna slots, 
and folded back from them. They provide ca- 
pacitive loading and tuning of their respective 
slots. 

Antenna slot—The radiating portion of the an- 
tenna assembly, consisting of four narrow ver- 
tical slots cut out of the metal wall of the an- 
tenna cylinder, and spaced at 90° intervals 
around its circumference. 

Automatic gain control—A method of holding 
the electrical output of a unit constant by rec- 
tifying a portion of the output voltage for use 
as a control bias and applying this bias to a 
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MWO Modification work order 

NC Normally closed 

NO Normally open 

od outside diameter 

rf radiofrequency 

rpm revolutions per minute 

rpp reflected power percentage 

swr standing-wave ratio 

term. terminal 

thru through 

Vv volt, or volts 

vhf very high frequency 

VOR very high frequency omnidirectional 
radio range 

vswr voltage standing-wave ratio 

vtvm vacuum-tube voltmeter 

Ww watt, or watts 


OF UNUSUAL TERMS 


controlled amplifier stage. 

Azimuth—The angle, in a horizontal plane, to 
an object, measured at the observation point in 
degrees clockwise from magnetic North. 

Balun—An electrical device, actually a trans- 
former, designed to change a line connection 
from a balanced condition to an unbalanced 
condition, at a fixed impedance ratio (usually 
4 tol). 

Buck-boost transformer—A. transformer yielding 
controllable variation in output voltage, by 
changeable connection of the transformer pri- 
mary so that a control voltage decreases 
(bucks) or increases (boosts) the normal input 
voltage. 

Code wheel—A motor-driven, segmented wheel 
which actuates a switch that interrupts an audi- 
ble tone to form the station call letters. 

Cone of confusion—The area above an omnirange 
antenna, shaped somewhat like an inverted 
cone, where the combination of horizontally 


A 
b 


and vertically polarized antenna radiations in- 
terrupt navigational courses and provide sta- 
tion location information. 

Contact potential—The potential produced by the 
current flow in a vacuum-tube diode circuit 
caused by random bombardment of the plate 
with heater power only. 

Course alignment—The alignment between the 0° 
course projected by the omnirange set and 
magnetic North. 

Course bending—A radial which does not main- 
tain a straight-line projection but bends grad- 
ually to form an arc. 

Course discrepancy—The -difference in course 
alignment between transmitting equipments. 
Course roughness—The deviation of a radial 
from a straight line, in which the degree of 
error 1s not so important as the rate of change. 

Course scalloping—The rhythmic excursions of a 
radial either side of a straight line. 

Course sensitivity—The difference in the number 
of degrees required to cause full-scale deflection 
left and right from the center on a specific 
radial. 

Course width—The number of degrees between 
full-scale left deflection and full-scale right de- 
flection during flight check at a fixed radius 
from the site. 

Cycle wheel—A motor-driven, segmented wheel 
that actuates a switch to set the rate at which 
station call-letter transmission will be repeated. 

Flight check—A procedure for testing the navi- 
gational information transmitted by the omni- 
range set, using a specially equipped aircraft. 

Frequency-modulated subcarrier—The subcarrier 
center frequency of 9,960 cps when the fre- 
quency is changed 480 cycles at a 30-cps rate. 

Goniometer—A. motor-driven variable capacitor 
gang by which the unmodulated rf signal is 
coupled to the variable carrier sections of the 
antenna. The goniometer changes polarity and 
varies its output sinusoidally with no change 
in loading. Its action resembles that of a volt- 
age divider and polarity switch operating at a 
30-cps rate. 

Hunting (motor)—A process by which the volt- 
age regulator control motor continuously seeks 
its correct setting, changing its direction of 
rotation frequently but never stopping on cor- 
rect position. Caused by setting the sensitivity 
control too high. . 


Identification signal—A modulated signal that 
identifies the omnirange site by transmitting 
its assigned call letters. 

Integrated alarm circuit—The circuit section of 
the course monitor by which malfunction 
alarms of any kind actuate the omnirange set 
shutdown and/or automatic changeover units. 

Limacon—The eccentric antenna radiation pat- 
tern that results from vector addition of the 
reference phase pattern (circular) and the vari- 
able phase (rotating figure-of-eight) pattern. 

Line wattmeter—An instrument for measuring 
radiofrequency power in a transmission line 
at the point of insertion, regardless of the di- 
rection of current flow. 

Load wattmeter—An instrument for furnishing a 
dummy (or artificial) load during radiofre- 
quency power measurements. 

Loop resistance—A procedure for measuring con- 
tinuity of long lines by using chassis or ground 
for a meter return, or to measure continuity 
of a paired telephone line by joining the two 
conductors at one end, making possible a meas- 
urement at one point, across the conductors at 
the open end of the line. 

Magnetic North—The direction indicated by a 
magnetic compass free of other magnetic influ- 
ences, which is the direction to the magnetic 
north pole, not the True (or geographic) North 
pole. The angular difference between True 
North and magnetic North (known as varia- 
tion) varies with geographic location of the 
observer. 

Minor switch—The dial-operated stepping switch 
which selects one of several connections or cir- 
cuits in accordance with electrical pulses fur- 
nished by the dial. 

Navigational facility—The omnirange set func- 
tion which yields course or bearing information 
to aircraft. 

Neutralize—A process by which self-oscillation 
of radiofrequency amplifiers (caused by tuning 
grid and plate circuits to the same frequency) 
is prevented. It usually involves cancellation 
of plate-to-grid feedback by balancing out the 
plate-to-grid capacitance of the tube or tubes. 

Omnidirectional—In all directions. 

Omnirange—The electronic system by which om- 
nidirectional course or bearing information 
from a fixed reference point is furnished to 


aircraft. 


403 


Phase comparator—A monitor cireuit which 
compares the phase of 30-cycle reference signal 
and the 30-cycle variable signal to produce a 
resultant polarized de signal. 

Phase selector—The monitor control which selects 
the proper variable carrier phase angle, re- 
ferred to the reference carrier for use by the 
phase comparator. The selector is made ad- 
justable to allow correction for the position of 
the AN/FRA-14. 

Radial—Any one of a series of lines extending 
outward from a common center. In the case 
of omnirange equipment, any one of an infinite 
number of bearing lines projected in a hori- 
zontal plane from the antenna. 

Radome—A nonmetallic cover for an antenna 
slot, to keep out moisture, dust, and foreign 
matter. 

Reference carrier—The radiofrequency carrier 
radiated as an omnidirectional (circular) pat- 
tern that is amplitude modulated by the sub- 
carrier which is frequency modulated at the 
30-cycle rate. 

Reference fail-safe alarm—Provides an alarm 
when the reference signal deviates from nor- 
mal. Fail-safe operation is obtained by design 
which causes the same alarm when the monitor 
fails. 

Reference level—The amplitude of the reference 
subcarrier at the monitor input. 

Repetition rate—The setting of the cycle wheel 
to govern the rate at which the station call 
letters are repeated. 

Reflected power percentage—The ratio, expressed 
as a percentage, of power applied to a load, 
through a transmission line, to the power re- 
flected back into the line by the load. 

Sequence timer—A motor-driven series of seg- 
mented discs and cam-actuated switches, by 
which switching operations can be carried on 
in a fixed sequence, and at desired time inter- 
vals. 

Semplea line—The line for transmitting dial 
pulses and voice signals from the remote con- 
trol unit to the omnirange site. 

Sinusoidal—The variation of an alternating 
quantity (voltage, or current) which varies in 
amplitude as the sine of the angle from 0° 
when its instantaneous value is plotted to a 
time base. 
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Slope detector—A monitor circuit for demodu- 
lating the subcarrier (9,960 cps) signal to re- 
cover the 30-cycle reference signal for the phase 
comparator circuit. The circuit consists of a 
tuned diode rectifier which is tuned off fre- 
quency. Frequency changes result in ampli- 
tude changes to the diode. 

Space modulation—The method used to provide 
amplitude modulation at the 30-cycle rate of 
the variable carrier. Consists of two rf carriers 
of the same frequency, one radiated omnidirec- 
tionally (reference) and the other forming a 
rotating limacon by vector addition of a figure- 
of-eight pattern. As the limacon rotates past 
an antenna in space, the lhmacon adds to and 
subtracts from the effective reference carrier at 
the antenna, thus resulting in 30-cycle ampli- 
tude variations in the antenna. 

Standing-wave ratio—The ratio of current (or 
voltage) at a loop in a transmission line to the 
value at a node. The square of the voltage 
ratio is the standing-wave ratio in power. It 
is equal to the ratio of the characteristic impe- 
dance of the line to the load connected to the 
output end of the line. 

Subcarrier—The modulation applied to the refer- 
ence carrier. Consists of a 9,960 cps center fre- 
quency signal which is frequency modulated 
(+480 cycles) at the 30-cycle rate. 

Transfer cycle—The fixed sequence of switching 
operations by which the C—1840/FRN-22 se- 
lects equipment No. 1 or equipment No. 2 after 
a signal failure. 

Transit—A surveying instrument with which ob- 
jects may be aligned vertically or horizontally, 
by means of a sighting telescope. 

Variable carrier—The unmodulated radiofre- 
quency carrier used to excite the antenna slots 
alternately to provide the rotating figure-of- 
eight radiation pattern needed to form the 
limacon for navigational information. 

Variable fail-safe alarm—Provides an alarm 
when the variable signal deviates from normal. 
Fail-safe operation is obtained by design which 
causes the same alarm when the monitor fails. 

Variable level—The amplitude of the 30-cycle 
variable signal at the monitor input. 

VOR course—One of an infinite number of ra- 
dials projected from the omnirange site in a 
horizontal plane with magnetic North as a 
reference. 
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Goniometer: (See Electrical Goniometer GO-12/FRN-20.) 
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Installation: 
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TACTICS Vy Cy 616.9 (er) eget ett pal ede oe Oe RPE REE er ht a ER to Ske. ee A ee 9 14 

ST Ure iy sega Nee beat) Shh Rk Goce De Ck ety al Se yl te ge ean a ee 14 26 
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Checking unpacked equipment-_-_-_-_--------------------------------------------=---------- 4 10 
Crystals... «. --+<-2 5054 ome on eigen en a a a Ss eS ee 28 41 
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Equipment cabinet connections. _--.-------------------------------------------------------- 19 30 
Equipment in shelter, ..._._~----------1- 2-2-2 +2245 +2250 55 se ses sites Faas eae Fae ee 13 21 
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Main powerline connection -__-.---_----------------+-----++--<---+--42---4454--2 2-2 ------<- 24 32 
Platform Skid MX-1918/FRN-22: 
Wesembly .<snan ou men ee toe ge Se betes eae sree eee RA Meee ae na ret a 6 10 
Hrame and rumners,assembly .......---- +-25-1-sss2seesesraeeens se eee =e ¢f 12 
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Stringer installationsc 2.) 2.44 ..+--------4>-e eer ens = ee ee re 6 10 
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Intercabinet wiring harness W19: 
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Interunit circuits: 
Ac power distribution circuits: 


BERS Ty aah a ey ceed te Rs earpett e er 194-197 165-172 
Control circuits: 

DS CONV ond 2 a ay Ss sw ms wi ee et 198-202 174-177 
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PRED VANes ee ok woe ok ee Ue DER -- + ~~~ ME ORE See eee eee 203-206 180-181 

Troubleshooting... -.---.---- ee ay AS Oh Sh i renee ee ic hho 244 221 
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Modulating signal circuits: 

TOOT Ri de Sere ik ied oe a ee eww ~~ ae ge epee el ee eee Ge ee 210-213 183-184 
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410 


Keyer KY-175/FRN—Continued Paragraph Page 
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Maintenance: 
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Bl or OMAN CC) Ca ee cng oy ooo n ne seen nee ee oboe 229 201 
NN goog s gang gabe ceasiieos++ecece<---oseeeeee cc coe Selene, 223 190 
EE NE OE IT EELS AES ASA ee ee ee 320 187 
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Meter panel. (See Indicator Panel SB-830/FRN-22A.) 
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i nS 84-89 93-97 
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Monitor. (See Course Monitor MX-1837/FRN-20.) 

PE end COMMON Names: 2 te ea ee eee ee 1 1 

Obstruction light. (See Aircraft Obstruction Marker Light MX-1919/FRN-22.) 

Omnirange set. (See Radio Transmitting Set AN/FRN-22A.) 
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Propeller Ventilating Fan HD-244/FRN-22: 
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Installation=—~ 5222 ee eee eye oe a eo ee ee eee 10 
Radio Set Control C-1738/FRN—20: 
Adjustment; dialing circuit samme ces 2 ee OS NE Ae ee ee ee See eee ee 36 
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TIOUMeSN GO UNG see eco 4 belticmes worn nccntsccasd sees see ee ese 2 eee en nee 382-390 

Radio Set Transfer Control C—1840/FRN-22: 
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Rie pails eae ee ees Shy olan ie a eee thee Se ae ee oe eee 468 
DT OUEORNOOLIN Dee ee hs BOS Na iS Soiree eee eee ee ee ee TON ee 400—407 
Radio Transmitter T—573/FRN-20: 
PCAN GOT sie sake erie er es ee a loos SHS SS RASA Se ee ee 39 
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LBC So OG a sey RT PPPS rn eee ee etary cnet rte 69 
Rinalgtestingesw- 9) Bera oe 8 Ba Seo na Se en Tees 537-539 
Modulationtadjustment! 2 222 2052 bb Le ee Sachs Se ee ae en ee ee 45 
DRODAIT Gee ee ee SL ee ee ei ee ee ee 469 
NN Reh0 y seemeen Re eM aE HS ie we im a meee ee 69-77 
PD EGU CSnOOUU es ata orice i LS IRN Te ee eee 408-418 
Radio Transmitting Set AN/FRN-22A: 
COMMMISSIONIN@ESbALION See eee =~ = oon kn 61 
Finabadiietment aver installation. «5... + +<i0--0< 2 sceme aa eee ee ee ae ere eee 58 
PUG RU ACH CGH meme ee ier ei eS chi ee me ee ae 485 
INGmenciaitremnascommon MAMe. o> a sa oe 1 
Troubleshooting: 
Asean ISUATeINe) DYOCCOUTC. 6 ae kw es Se ee eee 231-237 
CUE LS mre. tA. o UN i ON 225-230 

Relay Assembly RE-—247/FRN-22: 
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ECC TES eg rere RR ee a = a ee 470 
fC RRS) Ra ok See ne. olen are an ee 185, 186, 198-202 
SL TOMES ROOUI Bae eee ce 419-425 

Relay Assembly RE-248/FRN-22: 

Ping lites tin ps see et Steno os eo ie 542, 543 
FRO DSRS ete oes ee es eS eo no ein | ols lee ae ts OA et 471 
DCm yee see ee ie min ie ee 183, 184, 198-202 
PE TOMIOS TO UIE Lote eee eo os Si 426-433 

Tela vere pairs sie 00 eee aie eRe Oe aa wi cient wi ae al a er 447 

Remote,control equipment, installation. 2 - we ee ee eee eee ne eee 16 

Remote control unit. (See Radio Set Control C—1739/FRN-20.) 
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Piecimealsquipment. Cabinet. C Y—1897/FRN-22._. oon ee ene ee 457 
Piectrical Equipment Cabinet. C Y—1899/FRN-22__.........-.-2-22----.2- ch Pete ek 458 
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peo) CaN SINT 22 SO (OS a nema Se Sie AB eT pro 3 462 
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Power Supply PP-1329/FRN-20------------ Pee Gaia ok waa ciceg a weaidicn once Cc oe eee 464 
MEIESTIVEAE 130 MULUN = 20 pee oo ricmwiannne ae slace sees as ss< secs eee odosbeegee 465 
Perera 1 LG) BLU Noe fete eg a eiciee eee sina Scan sueow on cheatin snes eees 466 
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Shelter. (See Electrical Equipment Shelter S-120/FRN-22.) 
Shelter ventilator. (See Propellor Ventilating Fan HD-244/FRN-22.) 
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Skid. (See Platform Skid MX-1918/FRN-22.) 
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Audio Frequency Amplifier AM—1247/FRN-20: 
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